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CHAPTER 1 
Introduction and General Summary 
Organosi!ilcon compounds are widely used as materials and reagents because 
of their unique physical property and reactivityl). In modern organic syn thesis, the 
development of highly selective and efficient reaction is one of the central 
problems. In order to achieYe this object, a lot of organosi licon reagents and their 
reactions have been explored. The present thesis describes studies on several new 
radical reaction of organosilicon compounds \vith a view to throwing light on the 
effect of silyl group on radical reaction and developing highly selective and efficient 
organic synthetic methods. 
Organosilanes have a long pedigree, although early investigations gave little 
clue to the potential now being realized. The first organosilane, tetraethylsi lane, 
was prepared from tetrachlorosilane by Friedel and Crafts in 18632). After that, 
Kipping performed the systematic studies on organosi lane from 1898 to 1 9393). 
The discovery and development of silicone polymers4) Jed to the explosi\'e growth 
of organosilicon chemistry over the past half century. 
In organic synthesis, organosilicon reagents play a variety of roles, and the 
use for carbon-carbon bond formation is particularly important. For instance, 
allylsilanes5) and silyl enolates6) react with various electrophiles in the presence of 
Lewis acid to i111troduce allyl and carbonyl group. These reagents act as stable 
synthetic equivalents of the corresponding carbanion. In addition, the reaction of a-
metallated organosilanes with carbonyl compounds is available for stereoselec ti ve 
synthesis of ole:fins as well as Wittig reaction 7). More recently, the reac ti on of 
higher order silicate has been extensively studied aiming at more efficient carbon-
carbon bond fon:nation8). 
1 
S1ncc organotin reagents contam tin which belongs to the same group as 
sll1con, the carbon-l in bond c;erYes as a nucleophiliC reaction center as "ell as 
carbon-sll1con bond. In organotin chemistry, ho" ever, radical reactions mediated 
b) un rad1cal arc also 1mponant9). Use of organostannanes for generation of carbon 
rad1cals from a" 1de vanety of funcuonaJ groups has surfaced as a powerful strategy 
for synthes1s. On the other hand, radical reacuons "ith organosilicon reagents have 
been rarely used for orgamc synthesis, therefore, the effect of silyl group on carbon 
radical and the synthetic uuliues of radical reactions of organosilion compounds are 
not well knO\\ n. 
It is well recognized that carbonium ions p and carbanions (or metalloid 
equivalents) a to silyl group are favoredlO). The p effect has been ascribed to (o-
p)1t m erlap between the bonding o-le,·el of the carbon-silicon bond with the 
adJacent empty p-orbital of the carbonium ion, whereas a-silyl carbanions are 
stabll17ed by ( o*-p)n: O\ erlap between the anti bonding a* level of the carbon-
Silicon bond \\lth the adJacent filled p-orb1tal of earbanion, or highly polanzed 
carbon-metal bond. Organosilicon chemistry based on these ionic effects has been 
extensJ\·ely researched. Nucleophilic addition of allylsilanes and facile generation 
of a-metallatcd organosllanes are good examples utilizing these effects. In contrast, 
there had been little in,·cstigation of the stabilizing effect of si lyl group on carbon 
radicals until recently II>. The author gave anention to the rearrangement of 
cyclopropylmethyl radicals which produce more stable homoallyl radicals under 
predominant cleavage of one of two carbon-carbon bonds 12), 13), and utilized this 
ring opening reaction for the examination of the stabilizing effect of silyl group on 
carbon radicals m Chapter 2. 
Much attention has been paid to a method of introducing perfluoroalkyl 
groups to organic compounds from the ,·jew point of the de,·eJopment of ne\\' 
chemicals or materials 14), because they have distinguished characteristics such as 
2 
high clectron-negati\ It), stability, and lipophillclty. The addit1on of perfluoroalk) I 
10d1des to carbon-carbon mult1ple bonds is one of the most popular procedure to 
attach pernuoroaH~) I cham to orgamc compounds. This reacuon IS catal) ted b) 
transition metals, perO\Ides, or az.obis(1sobutyromtnle) (AlB!') 15>, but the-.e 
catalysts have some dra" backs m handling, efficiency, and react1on condllJOns. In 
the presence of a catalytic amount of o:-.ygen molecule, hO\\'e' er, the usc of Et3B 
sol Yes these problems to promote perfluoroalkylation of olcfms and acct) lenes 
under mild condition 16). Thus, the author examined Et3B induced pcrfluoro-
alkylation of silyl enolates and ketene silyl acetals with pcrfluoroalkyl iodides to 
introduce perfluoroalkyl groups on a position of ketones and esters in Chapter 3 17>. 
The reaction of polyhalomethyl radical with ketene silyl acetals \\'US also 
investigated in Chapter 4. Silyl enolates and ketene silyl acetals arc easily 
synthesized from the corresponding ketones and esters 18). These substrates are 
expected to be good acceptors of electrophilic polyhaloalkyl radicals because they 
are electron-rich olefins. 
The synthetic use of silyl radical had been restricted to hydrosllylat1on of 
olefins and acetylenes catalyzed by Yarious radical initiators l9). In addllion, the 
hydrosilylation has several difficult problems such as low y1eld, low stereo-
selectivity, and severe condition. Recently, tris(trimethylsilyl)sllane (TTMSS) as an 
alternative to tri-n-butylstannane has become more popular20>, being a superior 
reagent from both ecological and practical perspectives. This silane can be used as 
a reducing agent for organic compounds or a hydrosilylating agent for multiple 
bonds in the presence of radical initiator. Then, the author investigated the rad1cal 
reaction of acetylenes, dienes, and enynes with TTMSS in Chapter 5 and 6. 
A brief general summary of the entire topics is as follows. 
In Chapter 2, radical induced ring opening reaction of 1-trialk) l sily l-2-
,·inylcyclopropane 1 is described. Radical addition of PhSH to 1 is expected to form 
3 
homoallylsilane Sand allylsilane 6 via cyclopropylmethyl radical 2 and homoallyl 
radical 3, 4 (Scheme 1). It is predictable that the ratio of the two products 5, 6 will 
reOect the stabilizing effect of the silyl group on the intermediary carbon radicals a 







Reaction of 1-dimethylphenylsilyl-2-vinylcyclopropane (1a) with PhSH gave 
homoallylsilane Sa and no trace of allylsilane 6a was obtained in the reaction 
mixture (eq 1). The cis, trans stereochemistry of the cyclopropane did not affect 
the selectivity of the carbon-carbon bond fission. The use of methyl-substituted 
cyclopropane 1b also afforded homoallylsilane Sb selectively (eq 2). 
SiM~Ph 
or ~ PhS~ PhS~SiM~Ph (1) 
V 'siM~Ph PhH 
I 60 oc Sa 88% c s-1 a trans-!! 
PhSH 






In contrast, the treatment of dimethyl-substituted cyclopropane \\'ith PhSH 
pro\'ided a mixture of homoallylsilane Sc and allylsilane 6c (5c/6c = 1 .9/J, eq 3). 
These results support that silyl group stabilizes a-carbon radical more effecti,·cly 
than f)-carbon radical, and carbon radical a to silyl group is slightly more stable 
than r-alkyl radical. Moreover, the reaction of cyclopropane bearing phenyl or 
acetyl group reveals that the stabilizing effect of the substituent is superior to that of 
trimethylsi lyl group. 
~ PhSH 
Mef 'SiMea _P_h_H-11•~ 
Me Me 
PhS~SIMea + 
SIMe3 PhS~Me (3) 
Me 1c 60 oc Sc 62% 6c 32% Me 
Chapter 3 discloses Et3B induced perfluoroaJkylation of silyl enolates and 
ketene silyl acetals with perfluoroalkyl iodides (Rri). Reaction of silyl enolate 7 
with n-C6F13I or i-C3F7l in the presence of 2,6-dimethylpyridine and Et3B gave 
perfluoroalkylated silyl enolates 8 , 9 and ketone 10 (eq 4). On the other hand, 
acyclic silyl enolate 11 provided only perfluoroalkylated silyl enolate 12 
accompanied with ketone 13 (eq 5). Treatment of the reaction mixture with 
aqueous HCl afforded only 10 or 13 in good yield. 
OS I Mea 
6 R11-Et3B MeN Me Q , Hexane, r.t. 
Rt = n--CsF 13 
Rt = 1-CaF7 
RtlSM"a + R,L5M"a + R,{J (4) 
!! !! 10 
44% 21% 11% 
41% 11% 9% 
MeN Me l(;J , Hexane, r.t. 
OSIMea 0 
~+~(5) OS I Mea ~
R11- Et3B 
11 
Rt = n--CsF13 










The following reaction mechanism is assumed to form perfluoroalkylated s!lyl 
enolates (eq 6). Perfluoroalkyl radical, generated by the action of eth) I radical on 
perfluoroalkyl 10d1de, adds to sil)l enolate to gi\e a radical 14. The radical 14 
abstraclS 1odine from Rfl to gi\'e an adduct 15 and regenerates perfluoroalkyl 
radical. The coex1stmg base causes the eliminatiOn of HI to gi \'e a mixture of 
perfluoroalk) lated s1lyl enolates. 
I 
OSIMea Rt'O R1  __ ___,,..~ 
-R,· 
R,· Dl OS I Mea MeT1N.1 Me Rr ~... (6) 
ll 
In the case of ketene si lyl acetals, perfluoroalkylation proceeded easily 
without 2,6-dimethylpyridine. Ketene silyl acetal 16 deri\'ed from acetate reacted 
with \'arious Rfl such as n-C6F13 I , i~3F7I and CF)l to provide a-perfluoro-
alkylated ester 17 in high yields (eq 7). The reacti\'ity of alkyl-substituted ketene 




OR Hexane, r.t. 
.!.§.: R = n-CeH17 
or n-Bu 
Rt = n-CsF13 
~C3F7 
CF3 
R''=<OSIMea + R,l 
OMe Hexane, r.t. 
18: R' = n-C6H13 R, = n-CsF1a 















Plausible mechanism for the formation of a-perfluoroalkylatcd esters is 
shown in eq 9. To conf1rm this mcchamsm, ketene s1lyl acetal 21 \\as prcpJrcd 
from the correspondtng ester. Reaction of the acetal "1th n~C6F13I affon.Jcd a 
cyclized product 22 along with perfluoroalkylated ester 23 (eq 10). The fom1a11on 
of 22 suggeslS an intermediacy of carbon radical bearing alko\y and SilO\) groups 
20. The result also shows that carbon-carbon double bond of ketene S1lyl acetal 1s 
much more reacti\'e than that of simple olefin. 




OR - R1 • OR - MeaSII 
OSIMea O 
EtaB Rul 
__ ___,,..~ ' o + R,~o~ 
Hexane --.. 
r.t. 
~ 10% 23 50% 
(9) 
(1 0) 
To explore applicability of the radical addition to ketene si lyl acetals, se,·eral 
kinds of polyhalomethane are examined instead of Rfl in Chapter 4. Reaction of 
ketene si ly l acetal 16 with CBrCl3 produced 3,3-dichloroacrylatcs 24 at room 
temperature. In contrast, when the reaction was performed at -23 °C, 3,3,3-
trichloropropanoates 25 were major products (eq 11). The use of alkyl-substituted 
ketene si lyl acetal 18 afforded only 2-(trichloromethyl)octanoate 26 even at room 
temperature (eq 12). Not onl y CBrCI3 but also CCI4, CBr4, and CF2Br2 can be 
used in these reactions to give the corresponding products. 
Et3B Cl 




R = n-C9H17 24 25 
r.t. 78% 4% 
-23 oc 5% 91% 
7 
18 + CBrCI3 





Meantime, trihalomethane such as CHFBr2, CHCIBr2, and CH8r3 reacted 
with ketene silyl acetal 18 in a similar fashion to giYe a mixture of (E)-3-
haloacrylate 27 and 3,3-dihalopropanoate 28 (eq 13). By treatment of the mixture 
with Et3N, 27 was obtained exclusively in good yields. 
Hexane 
X ~ + XBrCHCH2COOR (13) 
COOR 
R = ~J-C8H17 X= F, Cl, Br 27 28 
These results indicate that the radical addition of polyhalomethane to ketene 
si lyl acetal is effective for synthesis of 3,3-dihalo- and (E)-3-haloacrylates. 
Chapter 5 is concerned with stereoselective radical addition of trialkylsilane to 
acetylenes and stereoselecti,·e reduction of alkenyl iodides with tris(trimethylsilyl)-
silane. Et38 induced hydrosilylation of 1-dodecyne was examined using various 
si lanes such as Ph3SiH, Ph2S i H2 , Me3SiSiPh2 H, (Me3Si)2SiPhH, and 
(Me3Si)3SiH (TTMSS). Reaction of each hydrosilane with 1-dodecyne at room 
temperature provided the corresponding alk.enylsilane. TTMSS proved to be the 
best reagent for hydrosilylation and afforded (Z)-1 -[tris(trimethylsily)silyl]-1-
dodecene 29 in excellent yield and selectivity ((Z)/(E) = 1711, eq 14). 
Et3B (M~SihSI R (M~SihSI (M~SI)3SiH + :::::::::::::::;.....-R ___ ___,._ "'=d + ~ 
PhH, r.t. R 
R:tJ-C1oH21 98% (Z)-29 17/1 (E)-29 
(14) 
8 
The stereoselecti,·ity of product depends on the reaction conditions. Whereas 
treatment of a benzene solution of 1-dodec) ne \\'i th TTMSS m the presence of 
AIBN at renux gave a mixture of (Z)- and (£)-29 ((2)/(£) = 4/ 1). Et38 initiated 
reaction at 0 oc provided (Z)- 29 almost exclusi,·ely ((Z)/(E) > 2011 ). 
Next, the reaction of various alk:ynes with TTMSS has been exammed. 
Although monosubstituted acetylenes produced the corresponding alk:enylsilane in 
good to excellent yield with high ( 2)-stereoselectivity, internal acetylene such as 6-
dodecyne did not undergo hydrosilylation. 
The selecti,·e formation of (Z)-al k:enylsilane is due to steric hindrance of si lyl 
group which prevents the syn attack of silane in the intermediary al k.enyl radical 30 
(Scheme 2). 
Scheme 2. l_ (M~Si)3SiH 
(M~Si~Si~ ... (E)-29 R ... -:._R ~ 
D ... (Z)-~ 
(M~Si)3SIH 
Unlike hydrosilylation, hydrostannylation and hydrogermylati on catalyzed by 
B3B give (£)-alkene at room temperature because the addition-elimination of 
germy! or stannyl radical causes isomerization of (Z)-product into (E)-isomer (eq 
15). In hydrosilylation with TTMSS, the isomerization of (Z)-alkenylsilane by 
tris(trimethylsilyl)silyl radical do no t proceed. Then, the author applied the 
TTMSS-Et38 system to stereoselective reduction of al k.enyl iodides. 
R' M R 
3 '=/ R' M R 3 ~ ---IIJioo~ 
r-· ~ 
R'3 M - R'3 M• 
9 
R' M 3~ 
R 
(15) 
Reduction of alkenyl iodide 31 with TIMSS-Et3B ga,·e (Z)-alkenylsilane 32 
predominantly. In contrast, by the use of n-Bu3SnH instead of TTMSS, ( E)-32 
was obtained as a major product (eq l6). Thus, the stereoselectivi ty of product can 









97% < 1/20 
(16) 
R 
Chapter 6 deals with tris(trimethylsilyl)silyl radical induced bicyclization of 
1,6-dienes and 1,6-enynes. 1,6-Diene 33 reacted with TTMSS in the presence of 
83B to afford bicyclo compound 34 along with expected cyclopentane derivati ve 
35. The reaction was repeated under various conditions to increase the yield of 34. 
In consequence, the use of AIBN under high dilution condition gave 34 selectively. 
Under thi s reaction condition, trimethylsilylrnethyl-substituted cyclopentane 36 was 








AIBN, 80 oc 
33; 0.02 M 
E,~S(SiMea + E....._;-r-s~SIMeah E....._;-r-SiMe3 
E~ 'SIMea E~ +E~ 








Treatment of 1,6-enyne 37 with TIMSS-Et3B provided bicycle compound 38 
10 
as a major product along with methylcnecyclopentanc 39 and mcthylcnccyclo-
he:xane 40 (eq 18). The change of reaction condition failed to impro,·c the yield of 
38. 
Ec + (MeaSi)aSiH __ E_ta_B_-i~ 
E -...;;::::: Hexane, r.t. 
;rr: E = COOMe 
E>(X) ,SiMea Sl + 
E 'SiMea 
!!! 53% 39 17% ~ 20% 
The reasonable mechanism for bicyclization of dienes and enynes is described 
in Scheme 3 and 4. Tris(trimethylsilyl)silyl radical attacks terminal olefinic carbon 
of 1,6-diene 33 to give a carbon radical 41 , '"''hich cyclized to cyclopentylmethyl 
radical 42. The carbon radical attacks silicon having three trimethylsilyl groups to 
produce 34 under generation of trimethylsilyl radical. The formation of 36 supports 
the intermediacy of trimethylsilyl radical. 
Scheme 3. 
In the case of 1,6-enyne 37, tris(trimethylsilyl)silyl radical can attack ei ther 
terminal olefinic carbon o r terminal acetylenic carbon. The attack on terminal 
olefi nic carbon gives 38 via olefinic radical 43. On the other hand , an addition of 
11 
tno;;(tnmethylsllyl)sJiyl radical to terminal acct) lenic carbon pro" ides cyclopcntyl-
mcth)l rad1cal 44 ''h1ch can not undergo C)clizallon because of Its (E)-
stereochemistry. Thus, the radical 44 abstracts hydrogen from TTMSS to pro,·ide 
39. Alternatn cl), 44 rearranges to cyclohcxyl radical 45 "h1ch reacts'' ith TTVfSS 
to gn e 40. 
Scheme 4. 
e....;-= (Me,~ E~S~SIM~ 
37~ 













To confirm the sil icon-silicon bond fission by homolytic substitution, 
iodoalkylsilane 46 and \'inylbromide 48 were prepared. Reaction of 46 or 48 with 
TTMSS-AIBN afforded si lacyclopentane 47 or silabicyclo compound 38 
respecti\'ely (eq 19, 20). 
(M~SI)aSI~I TTMSS-AIBN 
PhH, eo oc 
c ,SIM~ Sl + 
' SIM~ 
(MeaSI)aSI-n-Bu {19) 
!§. 47 24% 63% 
Br Ed TTMSS-AIBN E>(J:j ,SlM~ (20) E SI(SIM~h Sl PhH, 80 oc E 'SIM~ 
48 ~ 75% 
12 
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Instrumentation and Materials 
0Jstlllallon of the prcx.lucts was performed b} usc of Kugclrohr (BUch1), and 
bollmg pomts arc 1nd1cated by air-bath temperature '' 1thout corrccuon. Melting 
po1nt \\aS obta1ncd on a Yanako \t1P-50929 mclt1ng point apparatus and arc 
uncorrected, too. lH NMR and 13c NMR spectra were taken on a Varian XL 200 
or a Vanan GEMINI 300 spectrometer, and chemical shifts arc expressed in ppm 
downficld from internal tetramethylsilane using the o scale. 19F NMR spectra were 
recorded on JEOL JNM-FX 90Q spectrometer and the chemical shifts arc given in o 
\1\'ith CFCl3 as an internal standard. IR spectra were determined on a JASCO IR-
810 spectrometer and the mass spectra on a Hitachi M-80 machine. Column 
chromatography was done with silica-gel (Wakogel 200 mesh). Analytical and 
preparative GLPC were performed with a Shimadzu Gas Chromatograph, Model 
GC-8A us1ng thermal conductivity detector and helium as carrier gas. Liquid 
chromatography (LC) was performed with Japan Analyt1cal Industry Co., Ltd. LC-
908 usi ng CHCl3 as an eluent. Elemental analyses were performed by the staff at 
the Elemental Analyses Center of Kyoto Uni,·ersity. 
Unless otherwise noted, materials were obtained from commercial suppliers 
and were used without further purification. Benzene, hexane and diethyl ether were 
dried over a slice of sodium. Tetrahydrofuran (THF) was freshly distilled from 
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CHAPTER2 
Synthesis and Radical Induced Ring Opening Reaction 
of 1-Trialkylsilyl-2-vinylcyclopropanes 
A variety of trialkylsilyl\'inylcyclopropanes were prepared by two different 
routes: (a) Cyclopropanation of 1-alkenylsilanes and (b) the reacti ons of 1-
bromocyclopropyllithium with trimethylsilyl chloride. Radical induced ring 
opening reaction of these cyclopropanes were examined. 1-Dimethylphenylsilyl -2-
\'inylcyclopropane or 3-methyl-1-trialkylsilyi-2-Yinylcyclopropane provided the 
corresponding homoallylic silane exclusively upon treatment with PhSH, Ph3SnH, 
n-Bu3SnH, or n-C6F13 I. On the other hand, 2-phenyl-1-trimethylsilyl-3-vinyl-
cyclopropane or 2-acetyl-1-trimethylsilyl-3-,·inylcyclopropane gave allylic stlane 
selectively. 
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Tnmcthylstlyl substituent behaves in a dichotomous manner, sho" ing the 
propcrttes of both electron donor and acceptor groups. a-Tn met h) I sll yl <.:arbanions 
arc stabJit;cd b} (o"'-p):n: O\crlap bet\\Cen the antibondmg o"' IC\cl of the C-S1 bond 
'' tth the adJacent filled p-orbital of the carbamon, or htghly polan7ed carbon-metal 
bond,'' hcrcas rcacuons whtch in,oh e carbomum ton formation or de' clopmcnt B 
to stllcon arc positively encouraged. Organosi licon chcmtStf) based on these ionic 
effects has been extenstvcly studied. I) In contrast, there has been little in' estigation 
of the stabJii1.ing effect of trimethylsilyl group on carbon radicals)) By using 3-
substituted 1-trimethylsilyl -2-vinylcyclopropancs as models of free radical 
substituent effects we found that a-trimethylsilyl stabilization was substantial)) 
( l ) Synthesis of 1-Trialkylsilyl-2-vinylcyclopropanes. In recent years, 
increasing interest has been devoted to the chemistry of sil icon containing 
molecules and much effort has been made to introduce the silyl moiety into organic 
compounds. Several methods are known for the synthesis of trimethyl-
sJiylcyclopropanes.+8) Here we want to describe two different routes to the title 1-
tnalkylsJiyl-2-vinylcyclopropanes: (a) Cyclopropanation of 1-alkcn) lsi lanes and (b) 
the reaction of 1-bromocyclopropyllithium with trimethylsilyl chloride. 
Treatment of (Z)-3-dimethylphenylsilyl-2-propen-1-ol ( 1) with CH 2I:?.-
B2Zn9> in diisopropyl ether ga,·e cis-cyclopropane 2 in 60% yield. Swern 
oxidation 10) followed by Wittig methylenation afforded cis-1-dimethylphenylsilyl-
2-,·inylcyclopropane (3). Trans-isomer 6 was prepared starting from (E)-3-
dimethylphenylsilyl-2-propen-1-ol ( 4) following the same procedure (Scheme 1). 
Synthesis of methyl-substituted cyclopropanes were perfonned by the reaction 
of olelins 1 and 4 with CH 3CHI 2-Et2Zn.ll) The reaction ytelded predominantly 
Trans-tsomer. Thus, (Z)-alcohol 1 ga\'e a 25:1 mixture 7 of r -l-dimethylphenyi-
Stlyl-c-2-hydroxymethyl-t-3 -methylcyclopropane and r-1-dimethylphenylsilyl-c-
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2-hydroxymeth) 1-c-3-mcth) Icyrlopropane. In the mcanttme, (E)-alcohol 4 ga' c a 
7:4 m1 x t ure l 0 of r-1-dtmeth) lphcnylstlyl-r-2-hydro~ymcth) 1-r-3-mcth~ lc) do-
propane and c-3-mcth) lcyclopropanc. 0\idation and succcsst\ e met h) lena lion 
afforded the corrcspondmg 'tn) Jcyclopropanes 9 and 12 (Scheme 2). 
Scheme 1. 
HOCH2 SIM~Ph _(a_)_.HOCH2\-/SiM~Ph (b) 













HOCH2VSiM~Ph OHC SIM~Ph ~SIM~Ph 
! (a) .. r (b) .. y (c) .. : r 
Me ?. Me !! Me !! 
HOCH2 
(a) ~ 




)llo r SIM~Ph 
Me 11 
(c)~ 
..- r ·siM~Ph 
Me 12 
(a) CHaCHI2, Et~n (b) DMSO, (COCib (c) Ph3P:CH2 
Alternatively, trimethylsilylcyclopropanes were prepared from 1,1-dibromo-
cyclopropanes. An Addition of butyllithium to a mixture of 1,1-dibromocyclo-
propane 13 and large excess of trimethylsi lyl chloride at -107 oc in tetrahydrofuran 
provided 1-bromocyclopropyltrimethylsilane.S) T reatment of crude product with 
n-Bu3SnH-Et3B 12) followed by deprotection of tetrahydropyranyl ether ga' e a 
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1.8:1 mixture of 14 in 71% yield from 13. Oxidation followed by Wittig 
methylenation provided the desired 1-trimethylsilyl-2-vinyl-3-methylcyclopropane 














,... r ·sJMea (e) ~ )lloo r 'SiMea 
Me 14 Me li 
(a) CHBr3, t-BuOK (b) n-Bull, TMSCI (c) n-Bu3SnH, Et3B (d) p-TsOH, MeOH (e) 1) DMSO, (COCih 2) Ph3P:CH2 
In similar fashion, dimethyl-substituted cyclopropane 19 or phenyl-substituted 
cyclopropane 22 was prepared starting from tetrahydropyranyl ether of prenyl 
alcohol or cinnamyl alcohol, respectively (Scheme 4 and 5). 
Scheme 4. 
THPOCH THPOCH2 Br 
2""- /Me (a),.. :r 
~ Me Br 
Me 
THPOCH2 Br ( b) ~ -'17<. 
Mel SiMea 
Me 16 Me 17 
HOCH2 
(c) (d) -~ 





(a) CHBr3 , t-BuOK (b) n-Bull, TMSCI (c) n-BuLI, AcOH or n-Bu3SnH, Et3B (d) p-TsOH, MeOH (e) 1) DMSO, (COCih 2) Ph3P:CH2 
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Scheme 5. 
THPOCH2 Br THPOCH2 Br THPOCH2 
~ (a) r ... Br 
Ph 20 





(c) (d) ~ (e) 
,.. r ~Mea ,.. 
Ph 21 Ph 22 
(a) CHBr3, t-BuOK (b) n-Bull, TMSCI (c) n-Bu3SnH, Et3B 
(d) p-TsOH, MeOH (e) 1) DMSO, (COCih 2) Ph3P:CH2 
Acetylcyclopropane 29 was prepared from bis(2-tetrahydropyranyl) ether of 




THPOCH2 Br (b) 
THPOCH2 --::v< Br - --t ... ~ 
23 
THPOCH2 SiMea (c) THPOCH2 SIMea (d) HOCH2 SiMe3 
THPOCH2--::v<er tHPOCH2~ ~POCH2~ 
24 25 26 
(e) ();;/SiMea (f) 07SIMe3 (g) t'YSIMea ---~~~~ ~ ... ~ ... ~ HOCH2 HOCH Ac I 
27 Me 28 ~ 
(a) CHBr3, t-BuOK (b) n-BuLI, TMSCI (c) n-Bu3 SnH, Et3 B (d) p-TsOH, MeOH (e) 1) DMSO, (COCI)2 2) Ph3P:CH2 3) p-TsOH, MeOH (f) 1) DMSO, (COCih 
2) MeMgl (g) PCC 
Tributylstannylvinylcyclopropanes were also prepared by the following 
sequences (Scheme 7). 
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Scheme 7. 
HOCH2 Sn-n-Bu (a) HOCH2~Sn-n-Bu3 (b) A_/Sn-n-Bu3 ~ 3----~·~ v • ~ v 
30 31 
HOCH2 Sn-n-Bu3 
HOCH2 Sn-n-Bu (c) r (b) 
' / 3 -----;-· 
'-::=/ -- • 
Me 32 
(a) CH2I21 Et~n (b) 1) DMSO, (COCih 2) Ph3P:CH2 (c) CH3CHI2, Et~n 
(2) Radical Induced Ring Opening Reaction of 1-Trialkylsilyl-2-
vinylcyclopropanes. A priori, it is predictable that two isomers, homoallylic 
s ilane (37, PhSCH2CH=CHCRl(R 2)CH2SiMe2 R3) and allylic silane (38 , 
PhSCH2CH=CHCH(SiMe2R3)CHR 1 R2) will be generated under cyclopropane 
ring cleavage in the reaction of vinylcyclopropane (34) 13, 14) with PhSH and the 
ratio of two products will reOect the stabilizing effect of R3Me2Si group on the 















~ H R2 
Treatment of cis-1-dimethyl phenylsilyl-2-vinylcyclopropane (3) with PhSH 
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at 60 oc 1n ben?cnc prO\'Ided homoallylic silane (39a, E/Z = 9/1) 1n R8% yield. 
Other reagen ts such as Ph3SnH, n-Bu3 SnH. and n-C6F13l also afforded the 
corrcspondmg homoallyhc sllancs in the Et38-induced radical reaction 12.15), and no 
trace of allylic silanes "ere obscrYed in the reaction ml\turc. The re. ults arc 
summarized in Table 1. 





~ (R1= H) 










39a-!! (R1= H) 
40a, E(R1= Me) 
Entry Substrate R-H 
or R-1 
Solvent Initiator Temp Time Product: E IZ b) 











































60°C 3 39a: 88 911 
60°C 5 39a: 88 5/1 
r.L 1 39b:96 7/2 
r. t. 1 39b:95 513 
r.L 1 39c: 86 10/3 
r.t. 1 39c: 92 4/3 
r.t. 3 39d:9J 50/J 
r. t. 3 39d:93 8/1 
60 oc 1 40a: 90 1811 
60 °C 3 40a: 90 8/1 
r. t. 0.5 40b:79 8/1 
r.t. ") 40b:88 7/2 
a) Silylcyclopropane (3, 6, 9, and 12, 1.0 mmol) and R-H or R-1 (1.1 mmol) were 
employed in the absence or presence of Et38 (0.2 mmol). b) Determined by lH 
NMR. 
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The c is, trans s tereochemi stry of the cyclopropane did not affect the 
selectivity of the C-C bond fi ssion. Cis-isomer 3 as well as TrailS -isomer 6 
provided the same homoallylic silane 39 as a single regioisomer, although the £, Z 
ratios of the products 39 derived from 3 were slightly different from those generated 
from 6 . For ins tance, cis-isomer 3 provided a mixture of (£)- and (Z)-5-
dimethylphenylsilyl-1-phenylthio-2-pentene in a 9:1 ratio upon treatment with 
benzenethiol, whereas trans isomer 6 gave a mixture of Ell= 511. 
Methyl-substi luted cyclopropane 9, 12, or 15 gave homoallylic silane 40 or 41 
exclusively upon treatment with PhSH or Ph3SnH (Table 1. Entries 9-12 and eq 1). 
Again, one of two carbon-carbon bonds was broken selectiYely independent of the 
s tereochemistry of the substrate. Thus, both cis-isomer 9 and trans-isomer 12 
afforded the same homoallylic silane 40. 
PhSH 
PhH, 60 °C 
Me 
PhS~SiMea 
41 85% (EI Z= 4/1) 
{1) 
Exposure of dimethyl-substituted trimethylsilylcyclopropane 19 to PhSH 
provided a mix ture of homoallyli c si lane 42a and allylic silane 43a (42a/43a = ca. 
2/1) in 94% combined yield. In the case of n-C 6F 131 as a reagent, 5-methyl-1-
tridecafluorohexyl-2,4-hexadiene (45) was obtained instead of 5-iodo-5-methyl-1-
tridecafluorohexyl-4-trimethylsilyl-2-hexene because ( ~-iodoalkyl)trimethylsilane 
was extremely unstable wi th respect to~ elimination. The stereochemistry of the 
cyclopropane 19 did not affect the ratios of the product 42/43 (or 44/45) so much. 
(E)-isomers were obtained exclusively in the reactions of 19 with PhSH, Ph 3snH, 
and n-C6F 131 as shown in eq 2 and 3. 
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trans I cis of 19 
20 / 1 
1 I 3.8 




a: R = PhS 428• .Q 
b: R = Ph3Sn 
Reaction Conditions 
PhSH, 60 oc, 8 h 
PhSH, 60 oc, 1 h 
Ph3SnH-Et3B, r.t., 2 h 
Me Me 
42 / 43 
1.9 / 1 
2.2 / 1 
2.0 / 1 
{2) 
Rt~SiMea + Rt~Me (3) 
44 I 45 Me 
trans I cis of ll Reaction time 
20/1 7 h 






1.8 I 1 
2.6/1 
Two other vinylcyclopropanes (22 and 29 ) were treated with PhSH or 
Ph3SnH-Et3B. The results showed that phenyl group or acetyl group stabilized the 
radical on adjacent carbonl6) more strongly than trimethylsilyl group (eq 4 and 5). 
SiMea 
benzene 
Ph 22 a: R = PhS 
b: R = Ph3Sn 
Reaction conditions 
PhSH, 60 oc, 1.5 h 







a: R =PhS 
b: R = Ph3Sn 
Reaction conditions 
PhSH, 60 oc, 3 h 
Ph3SnH-Et3B, r.t., 0.5 h 
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46(EIZ) :47(EIZ) 
20 (15/1) : 1 (5/2) 







Treatment of stannylcyclopropanes 31 and 33 with benzenethiol also pro\'ided 
homoallylic stannanes exclusively (eq 6 and 7). 
~Sn-n-Bu3 __ P_h_S_H--i~ 
V benzene 
ll 60 oc, 5 h 
r Sn-n-Bu3 ----~ PhSH benzene 












Analytical TLC was performed on commercial glass plates bearing a 0.'25 mm 
layer of Merck si li ca gel PF'254. The TLC mobility of a given component is 
described by its Rf value, the ratio of the distance moved by that component to the 
distance moved by the sol\'ent front. PLC plates were prepared as follows: a free-
flowing slurry of Merck silica gel PP254 ('25 g) in water (60 ml) was spread o n a 
clean glass plate (20 x 20 em) to an even depth of 1.5 mm and the plate was ai r-
dried at room temperature for at least two days before use. Analytical and 
preparative GLPC were performed with a Shimadzu Gas Chromatograph, Model 
GC-8A using thermal conductivity detector and helium as carrier gas (3.0 kg/cm'2). 
Product percentages were calculated from peak area ratios without correction for 
detector response. Two columns (OV-1 2%,2 m on Chromosorb W 60-80 mesh 
A W DMCS (Column A) and SE-30 1.5%, 2 m on Chromosorb W 60-80 mesh A W 
DMCS (Column B)) were used. LC was performed with Japan Analytical Industry 
Co. Ltd. LC-908 (Column: JAIGEL 1-H and '2-H) using chloroform at a flow rate of 
4 ml/min. The GLPC and LC retention time Ur) of a component denotes the time 
(in minutes) at which the maximum concentration of that component reached the 
detector. 
(Z)-3-Dimethylphenylsilyl-2-propen-1 -ol (1). i-B u2AIH (6.6 ml, 37 
mmol) was added dropwise to a solution of tetrahydropyranyl ether of 3-
dimethylphenylsilyl-2-propyn-1-ol (8.6 g, 31 mmol) in hexane (30 ml) at 0 oc. 
After stirring for 10 h at room temperature, the reaction mixture was poured into 1 
M aqueous HCl (70 ml). The product was extracted with hexane (50 ml x 2). The 
organic layer was dried over anhydrous Na2so4 and concentrated in vacuo. The 
residual oil was dissolved in MeOH (50 ml) and p-TsOH (100 mg) was added. The 
resulting mixture was stirred for 2 hat room temperature. Et3N ( l ml) was added 
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and stining of the mixture was continued for another 5 min. The mixture was 
concentrated in vacuo and crude product was purified by silica-gel column 
chromatography (hexanc/AcOEt = 511) to give the title alcohol in 86% yield (5.1 g). 
cis-1-Dimethyl ph en ylsi lyl-2-hydroxymethylcyclopropane (2). 
According to the reported procedure, 9) CH 2I2 (2.2 ml, 7.3 g, 27 mmol) was added 
dropwise O\'er 20 min to a mixture of allylic alcohol 1 (2.5 g, 13 mmol), Et2Zn (2 
ml, 20 mmol), and i-Pr20 (15 ml) under argon atmosphere at room temperature. 
Exothermic reaction occurred. Stirring was continued for 30 min after completion 
of the addition. The resulting mixture was poured slowly into 1 M HCl solution and 
the product was extracted with AcOEt. The organic layer was washed with 10% 
aqueous Na2S 203 and dried over anhydrous Na2S04. Purification by silica-gel 
column chromatography (hexane/AcOEt = 5/1) gave the title compound in 60% 
yield (1.57 g): Bp 74 oc (1 Torr, bath temp); IR (neat) 3322, 3064, 2994, 2952, 
1427. 1412, 1292, 1248, 1112, 1036, 1015, 939,889,864,832,814,771,730, 699, 
668 em -1; 1 H NMR (CDCI 3) o 0.00 (ddd, 1=9.9, 9.3, 7.6 Hz, lH), 0.27-0.35 (m, 
1 H), 0.32 (s, 6H), 0.95 (ddd, 1=9.9, 7.9, 3.8 Hz, 1H), 1.15 (bs, 1 H), 1.40 (ddtd, 
1=9.3, 7.9, 7.6, 5.0 Hz, lH), 3.40 (bs, 2H), 7.35-7.40 (m, 3H), 7.55-7.61 (m, 2H); 
13c NMR (CDC13) o -1.88, -1.19, 1.77, 7.72, 19.51, 65.23, 127.9, 129.1, 133.6, 
139.6. Found: C, 69.80; H, 9.09%. Calcd for C 12H l80Si: C, 69.84; H, 8.79%. 
cis-1-Dimethylphenylsilyl-2-vinylcyclopropane (3). DMSO ( 1.38 ml, 
19.5 mmol) in CH2c1 2 (3 ml) was added dropwise over 5 min at -78 oc to a 
mixture of (COCI)2 (0.85 ml, 9.8 mmol) and CH2Cl2 (10 ml). After stirring for 15 
min, a solution of 2 (1.34 g, 6.5 mmol) in CH2c12 (10 ml) was added over 10 min. 
The reaction mixture was stirred for 30 min and then Et3N (5.4 ml, 39 mmol) was 
added. After 5 min, dry ice-MeOH cooling bath was removed and H20 (50 ml) was 
added to the resulting white suspension. Instantly the solid dissolved and clear 
solution was obtained. The mixture was extracted with CH2CJ2 (50 ml x 2) and the 
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combined organic layer was dned o,·er anhydrous Na:;S04 and concentrated in 
vacuo. A THF solution of crude aldehyde ( 1.3 g) was added to a suspensiOn of 
Ph3P=CH2 prepared from Ph3PCH3I (3.5 g, 8.5 mmol) and r-BuOK (0.95 g, 8.5 
mmol) in THF (25 ml) at 0 oc and the resultant mixture was stirred for 1 h at room 
temperature. The mixture was poured into saturated aqueous NH4CJ (50 ml) and 
extracted with hexane (50 ml x 2). The organic layer was dried O\'er anhydrous 
Na2so4 and concentrated to 20 ml to afford triphenylphosphine oxide as white 
precipitate. The white solid was filtered off and the filtrate was concentrated again. 
Purification of the residual crude product by silica-gel column chromatography gave 
vinylcyclopropane 3 in 89% yield (1.17 g) from 2: Bp 52 oc (1 Torr, bath temp); 
IR (neat) 3066,2994,2952, 1637, 1428, 1286, 1248, 1112, 1040, 989, 961, 937, 
895,847,830, 812,772,728,699, 668,660 em -1; 1H NMR (CDCl3) o 0.14 (ddd, 
1=10.1, 9.7, 8.0 Hz, 1H), 0.29 (s, 6H), 0.54 (ddd, 1=8.0, 4.9, 3.9 Hz, 1H), 1.10 
(ddd, 1=10.1, 7.7, 3.9 Hz, lH), 1.79 (dddd, 1=9.7, 9.0, 7.7, 4.9 Hz, I H), 4.88 (dd, 
1=9.9, 2.2 Hz, 1H), 5.12 (dd, 1=16.9, 2.2 Hz, lH), 5.41 (ddd, 1=16.9, 9.7, 9.0 Hz, 
1H), 7.33-7.42 (m, 3H), 7.55-7.61 (m, 2H); 13c NMR (CDCl3) 6 -1.75, -1.69, 
5.26, 10.75, 20.58, 113.5, 127.7, 128.8, 133.8, 139.7, 140.8. Found: C, 77.22; H. 
8.91%. Calcd forC13H 18Si: C, 77.16; H, 8.97%. 
(E)-3-Dimethylphenylsilyl-2-propen-1-ol ( 4). The title compound (9.4 
g, 87% yield) was prepared by the reduction of 3-dimethylphenylsilyl-2-propyn-1-ol 
(10.7 g, 56.2 mmol) with sodium bis(2-methoxyethoxy)aluminum hydride (70% 
toluene solution, 26.7 ml) following the procedure for the synthesis of (£)-3-
trimethylsilyl-2-propen-1-oJ.17) 
trans-1-Dimethylphenylsilyl-2-hydroxymethylcyclopropane (S). 
In similar fashion to the synthesis of 2, treatment of alcohol 4 (3.13 g, 16.3 mmol) 
with CH2r2 (2.7 ml, 9.0 g, 33.5 mmol) and Et2Zn (2.5 ml, 25 mmol) in i-Pr20 (18 
ml) gave cyclopropane S in 76% yield (2.56 g): Bp 79 oc (1 Torr, bath temp); IR 
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(neat)33!6,3064,2994,::!952, 2864, 1428,1411,1302,1249,1114, 1054,10::!0, 
942, R65, 831, 8 13, 771, 7::!8, 699 cm-1; 1 H 1\'MR (COCI3) b -0.28 (ddd, 1=9.9, 
7.0, 6.4 Ht, I H), 0.21 {s, 3H), 0.22 (s, 3H), 0.48-{).60 (m, 2H), 0.99-1.15 (m, 1 H ), 
1.39 (bs, I H), 3.46 (dd, 1=14.4, 6.6 Hz, 1H), 3.52 (dd, 1= 14.4, 6.9 HL, 1H), 
7.34-7.39 {m, 3H), 7.53-7.00 (m, 2H); 13c NMR (CDCI3) 6 -3.90, 1.37, 7.22, 
18. 11, 68.46, 127.7, 129.0, 133.7, 138.6. Found: C, 69.58; H , 8.85%. Calcd for 
C12H 180Si: C, 69.84; H, 8.79%. 
trnns-1-Dimethylphenylsilyl-2-vinylcyclopropane (6). The compound 
(2.04 g, 81 % yield) was prepared from 5 (2.56 g) following the procedure described 
for the synthesis of 3: Bp 54 oc (1 Torr, bath temp); JR (neat) 3066, 2994, 2954, 
1636, 1428, 1249, 11 15, 1087, 1062, 985, 969, 947, 892, 831, 817, 772, 728, 698, 
655 cm·1; 1H NMR (CDCIJ) 6-0.06 (ddd, 1=10.0, 7.6, 6.1 Hz, 1 H), 0.20 (s, 3H), 
0.2 1 (s, 3H), 0.65-0.78 (m, 2H), 1.39 (dddd, 1=8.5, 7.2, 6.1, 4.9 Hz, 1 H), 4.85 (dd, 
1=10.0, 2.0 Hz, 1H), 5.09 (dd, 1=17.0, 2.0 Hz, 1H), 5.36 (ddd, 1=17.0, 10.0, 8.5 
Hz, 1H), 7.33-7.38 (m, 3H), 7.52-7.59 (m, 2H); 13c NMR (CDCJ3) 6-3.83, -3.77, 
5.62, 10.73, 19.37, 111.4, 127.7, 128.9, 133.8, 138.7, 143.1. Found: C, 77.10; H , 
9.22%. Calcd for C 13H 18si: C, 77.16; H, 8.97%. 
r-1-Dimethylphenylsilyl-c-2-hydroxymethyl- t-3-methy lcyclopropane 
(t r n 11 s -7) and r -1-Dimethylphenylsilyl- c-2-hydroxymethyl- c-3-methylcyclo-
propane (cis-1). A solution of CH3CHI2 (2.8 ml, 28 mmol) in i -Pr2o (5 ml) 
was added dropwise over 1 h to a mixture of allylic alcohol 1 ( 1.90 g, 9.4 mmol), 
Et2Zn (2.8 ml , 28 mmo1), and i -Pr20 (13 ml) under argon atmosphere at room 
temperature. Exothermic reaction proceeded gradually. After stirring for 12 h, the 
reaction mi '\ture was poured into 1 M HCI (50 ml) and the product was extracted 
with AcOEt (50 ml x 2). The combined organic layer was dried over anhydrous 
Na2S04 and concentrated in vacuo. Purification by sil ica-gel column chromato-
graphy ga"e the title compounds ( 1.22 g, 59% yield) "hich was contaminated by 
32 
the starting allyhc alcohol 1. 1 H NMR spectrum ~ho" ed that the rauo bet\\ een 
products (t\\'O 1somerc;) and 1 was 4.6: I. The anal~ ucal pure samples or both 
isomers \\ere prepared by prcparall\ e GLPC (Column B, 150 °C, 'r=4.67 m1n 
(trans-1 ) and 6.35 mm ( cis-1 ), trans-1 cis-1 = 25/ l). lrnns -1. Bp 77 oc ( 1 
Torr, bath temp); IR (neat) 33 18,3064,2990,2948,2862, 1458, 1448, 14::!8, 1380, 
1249, 1113, 1077, 1018,991, 941,924,832,817,773,728,699,668 cm · 1; lH 
NMR (CDCI3) 6 -0.25 (dd, 1=9.2, 6.9 H z, 1 H), 0.30 (s, 3H), 0.3 I (s, 3H), 
0.69-0.83 (m, 1H), 1.03-1.15 (m, 2H), 1.18 (d, 3H), 3.34 (dd, 1= 11.4, 7.5 HL, lH), 
3.48 (dd, 1=11.4, 7.5 H:z., lH), 7.34-7.39 (m, 3H), 7.54-7.59 (m, 2H); 13c NMR 
(COCI3) o -1.67, -0.91, 11.29, 16.70, 20.46, 28.46, 65.07, 127.9, 129.0, 133.6, 
139.8. Found: C, 70.69; H, 9.38%. Calcd for C 13H200Si: C, 70.85; H, 9.15%. 
cis-7: Bp 79 °C (1 Torr, bath temp); IR (neat) 3316, 3064, 3046, 2996, 2950, 
1459, 1450, 1427, 1407, 1389, 1288, 1249, 1111, 1074, 1057, 1018,939, 9 14, 834, 
816, 773,728,699,668 cm-1; 1H NMR (COCIJ) 6 0.08 (t, 1=9.6 Hz, 1H), 0.37 (s, 
6H), 1.14 (d,1=6.3Hz,3H), 1.17-1.54(m,3H), 3.61 (dd,J=11.3,8.1 Hz., 1H), 
3.70 (dd, 1=11.3, 6.9 Hz, 1 H), 7.33-7.38 (m, 3H), 7.56-7.63 (m, 2H); 13c NMR 
(CDCI3) 6 0.23, 7.72, 11.82, 14.80, 23.12, 61.48, 127.8, 128.9, 133.5, 140.3. 
Found: C, 70.62; H, 9.37%. Calcd for C 13H 20osi: C, 70.85; H, 9. 15%. 
r-1-Dimethylphenylsilyl-c-2-formyl-/-3-met h ylc yclo propan e ( trnns-8) 
and r-1-Dimethylphenylsilyl- c-2-formyl-c-3-methylcyclopropane ( cis-8). 
The mixture of 7 ( 1.22 g, 5.54 mmol) and 1 (0.26 g, 1.35 mmol) was oxidized w1 th 
(COCI)2 (0.90 ml, 10.3 mmol), DMSO (1.46 ml, 20.6 mmol), and Et3N (5.72 ml, 
41.7 mmol) (Swem oxidation) following the procedure described for the synthesis 
of 3. Purification of crude product by si l ica-gel column chromatography gave pure 
aldehyde 8 ( tram-8 /cis-8 = 20/ 1) in 81% yield (0.98 g). Careful separation by 
PLC (RF0.48 ( tram~8 ) and 0.43 ( cis-8), hexane/AcOEt = 1011) ga\'e the 
analytical pure samples. trans-8: Bp 68 oc (1 Torr, bath temp); IR (neat) 3066, 
33 
3046, 2996, 2952, 2924, 2864, 2820, 2730, 1707, I 459, 1428, 1412, 1252, 1179, 
I 111 , 1076,952,923,863,833,818,781, 731 , 701,667 cm·1; 1H NMR (CDCI3) b 
0.36 (s. 3H), 0.37 (s, 3H), 0.45 (dd, 1=9.4, 8.8 Hz, I H), 1.25 (d. 1=5.8 Hz, 3H), 
1.60 (dqd, 1=8 8, 5.8, 4.1 Hz, 1H), 1.77 (ddd, 1=9.4. 6.8, 4. 1 HL, I H), 7.35-7.42 
(m, 3H), 7.51-7.57 (m, 2H), 8.88 (d, 1=6.8 Hz, 1H); 13c NMR (CDCt3) b -1.68, 
18.96, 19.54, 21.47, 37.79, 128.0, 129.3, 133.6, 138.2, 201.2. Found: C, 71.45; H, 
8.52%. Calcd forc 13H 18osi: C, 71.50;H,8.31 %. cis-8: Bp 70 oc (1 Torr, bath 
temp) ; JR (neat) 3066, 3046, 3006, 2952, 2846, 2758, 2724, 1701, 1648, 1458, 
1452, 1428, 1389, 1375, 1289, 1251, 1173, 1112, 1068,998,942,895,869,834, 
816,778,732,699,664 cm·l; 1H NMR (CDCI3> o 0.44 (s, 3H), 0.47 (s, 3H), 0.73 
(t, 1=9.6 Hz, I H), 1.33 (d, 1=6.5 Hz, 3H), 1.92 (ddq, 1=9.6, 8. I , 6.5 Hz, 1 H), 2.08 
(ddd, J=9.6, 8.1, 6.4 Hz, I H), 7.35-7.40 (m, 3H), 7.54-7.60 (m, 2H), 9.36 (d, 
1=6.4 Hz, lH); 13c NMR (CDCt3) o -0.33, 0.07, 12.51, 16.53, 22.84, 32.62, 
127.9, 129.2, 133.6, 139.2, 202.7. Found: C, 71.51; H, 8.34%. Calcd for 
C 13H 180Si: C,71.50; H,8.31%. 
r -1-Dimethylphenylsilyl-t-3 -m e thy 1- c-2-viny lcycl oprop a ne (trans-9) 
and r -1-Dimethylphenylsilyl-c-3-methyl-c-2-vinylcyclopropane ( cis-9). 
Wiuig reaction (Ph3PCH3I (2.1 g, 5.2 mmol) and r-BuOK (0.58 g, 5.2 mmol)) of 8 
(trans-8/cis-8 = 2011, 0.87 g, 4.0 mmol) followed by purification by silica-gel 
column chromatography gave the title compound 9 in 90% yield (0.78 g, trans-
9/cis-9 = 1711). Analytical samples were prepared by preparative GLPC (Column 
A, 150 °C, 1r=3.55 min (tran s-9 ) and 4.28 min (cis-9)). trans-9 : Bp 53 oc (1 
Torr, bath temp); JR (neat) 3066, 3048, 2992,2948,2922, 2896, 2862, 1635, 1459, 
1428, 1376, 1249, 1113, 1073,981,950, 925,893,832,811,770,728,700,676, 
661 cm·1; 1 H NMR (CDCt3) o -0.09 (dd, 1=9.6, 7.4 Hz, 1H), 0.27 (s, 6H), 0.93 
(dqd, 1=7.4, 5.7, 4.4 HL, 1 H), 1.18 (d, 1=5.7 Hz, 3H), 1.47 (td, 1=9.6, 4.4 Hz, 1 H), 
4.85 (dd, 1=9.9, 2.2 Hz, 1H), 5.09 (dd, 1=17.0, 2.2 Hz, lH), 5.41 (ddd, 1=17.0, 
34 
9.9, 9.6 Hz, 1 H). 7.34-7.40 (m. 3H), 7.54-7.61 (m, :!H); 13c NMR (CDCI3) b 
-1.57, -1.46, 14.96, 19.50. 20.30, ::!9.74, 112.9, 127 7. 128.7. 133.8, 140.0, 140.7. 
Found: C, 77.76; H, 9.49CK. Calcd for C 14H ::oSi: C, 77.71; H. 9.32'«. cis -9 · Bp 
51 oc ( 1 Torr, bath temp); IR (neat) 3066. 3048, 2996, 2952, 2924. 2H72, 2~52. 
1631, 1428, 1286, 1259, 1249, Ill:!, 1070, 1017,992, 920,895,833,818,775, 72H, 
698,665 cm-1; 1H NMR (COCt 3) o 0.24 (t, 1=9.7 Hz, I H), 0.34 (s. 3H), 0.37 (s, 
3H), 1.14 (d, 1=6.5 H7, 3H), 1.47 (ddq, 1=9.7, 8.3, 6.5 Ht, I H), 1.90 (ddd, 1=9.9, 
9.7, 8.3 Hz, lH), 5.00 (ddd, 1=10.2, 2.2, 0.6 Hz, 1H), 5.22 (ddd, 1= 16.8, 2.2, 0.6 
Hz, 1H), 5.68 (ddd, 1=16.8, 10.2, 9.9 Hz, 1H), 7.32-7.37 (m, 3H), 7.54-7.63 (m, 
2H); Be NMR (COCI3) b 0.12, 0.19, 11.67, 12.61, 17.50, 25.12, 114.5, 127.7, 
128.7, 133.7, 137.6, 140.6. Found: C, 77.59; H, 9.29%. CaJcd for C 14H 20Si: C, 
77.71; H, 9.32%. 
r-1-Dimethylphenylsilyl-t-2-hydroxymethyl-c,t-3-methylcyclopropane 
(10). Cyclopropanation of 4 (2.0 g, 10.4 mmol) with CH3CHJ2 (2 ml, 20 
mmol) and Et2Zn (2 ml, 20 mmol) ga\·e the cyclopropane 10 (0.53 g, 23% ) teld) 
which was contaminated by 4 (0.90 g, 46% recovery). 10 (cis- 10/trans- 10 = 
36/64) was separated from 4 by preparative GLPC: Bp 75 oc (1 Torr, bath temp); 
IR (neat) 3316,3064,3046, 2992, 2950, 2870, 1458, 1449, 1428, 1382, 1248, 1113, 
1072, 1021,949,924,817,773,728,698,664 cm·1; lH NMR (COCI3) b -0.54 (t, 
1=6.7 Hz, 0.64H),- 0.26 (t, 1=8.0 Hz, 0.36H), 0.20 (s, 3.84H), 0.30 (s, 1.08H), 0.32 
(s, 1.08H), 0.89-1.40 (m, 6H), 3.45-3.61 (m, 1.36H), 3.77 (dd,J=11.2, 6.1 H1., 
0.64H), 7.34-7.40 (m, 3H), 7.51-7.60 (m, 2H); l3c NMR (COCI3) b -3.68, - 1.19, 
-1.15, 8.66, 10.20, 14.11, 14.46, 16.47, 17.17, 22.69, 27.14, 63.63, 68.56, 127.8, 
128.8, 128.9, 133.6, 139.0, 139.9. Found: C, 71.12; H, 9.39%. Calcd for 
C13H200Si: C, 70.85; H, 9.15%. 
r-1-Dimethylphenylsilyl-t-2-formyl- t -3 -m ethy lcycl op r opa n e (trans- ll ) 
and r-1-Dimethylphenylsilyl- t-2-formyl-c-3-methylcyclopropane ( cis-11 ). 
35 
The mt\ture of 4 (4.8 mmol) and 10 (2.4 mmol) was treated with (C0CI) 2 (0.94 mi. 
10.8 mmol), DMSO ( 1.53 ml, 21.6 mmol) and Et3N (6.0 ml, 43.2 mmol) to gi,·e the 
tttlc compound tn 50% ) 1eld (0.26 g, 1.2 mmol, trans-11 /cis-11 = 211 ). PLC 
separatiOn of 1somcrs (f?r=0.41 {lraltS-ll) and 0.34 (cis-11 ), hc'\anc/AcOEt = 
1011) prm1dcd thcanal)liCal samples. lrmzs-11 : Bp67 oc (I Torr, bath temp); IR 
(neat) 3066, 3046, 2996, 2952, 2874, 2822, 2746, 2718, 1701, 1655, 1647, 1459, 
1428, 1396, 1379, 1251, 1171, 1115, 1073,1017,997,954,928,881,834,780,731, 
700, 664 em -I; I H NMR (CDCiy o 0.24 (s, 3H), 0.27 (s, 3H), 0.80 (dd, 1=7.7, 6.4 
Hz, I H), 1.32- 1.53 (m, 4H), 1.75 (dt, 1=7.7, 5.9 Hz, I H), 7.34-7.41 (m, 3H), 
7.47-7.53 (m, 2H), 9.28 (d, 1=5.9 Hz, 1H); l3c NMR (CDCI3) o -4.07, -3.77, 
14.51, 16.40, 21.98, 32.00, 127.9, 129.4, 133.6, 137.0, 201.4. Found: C, 71.28; H, 
8.45%. Calcd for C 13H 180Si: C, 71.50; H, 8.31 %. cis-11 : Bp 67 °C (1 Torr, 
bath temp); IR (neat) 3066, 3046, 2994,2954, 2816, 2718, 1709, 1459, 1428, 1412, 
1251, 1206, 1173, I 115, 1085, 1068, 1022, 1005,935,874,834,815,777,731,701, 
666 cm-1; 1H NMR (CDCJ3) o 0.36 (s, 3H), 0.37 (s, 3H), 0.77 (dd, 1=10.4, 6.3 
H1. 1 H), 1.12 (d, 1=6.2 Hz, 3H), 1.65 (ddd, 1=6.3, 6.1, 3.9 Hz, I H), 1.75 (ddq, 
1= 10.4, 6.2, 3.9 H1, lH), 7.35-7.41 (m, 3H), 7.50-7.57 (m, 2H), 8.77 (d, 1=6.1 
Hz, 1H); 13c NMR (CDCI3) o -1.78, -1.53, 13.75, 15.34, 20.74, 35.77, 127.9, 
129.3, 133.6, 138.0, 201.0. Found: C, 71.51; H,8.34%. Calcd forc 13H 18osi: C, 
71.50; H, 8.31 %. 
r-l-Dimethylphenylsilyl-t-3-methyl-t-2-vinylcyclopropane (trans-12) 
and r-1-Dimethylphenylsilyl- c-3-methyl-t-2-vinylcyclopropane ( cis- 12). 
Wittig reaction (Ph3PCH3l (0.67 g, 1.67 mmol) and t-BuOK (0.19 g, 1.67 mmol)) 
of 11 (0.26 g, 1.2 mmol) ga,·e 12 in 74% yield (0.19 g, trans-12/cis-12 = 211). 
Each pure sample was prepared by PLC CRf=0.62 ( trarzs.-12 ) and Rf=0.60 (cis-
12), hexane). trans-12 : Bp 57 oc (1 Torr, bath temp); IR (neat) 3066,3046,2994, 
2952,2926,2900,2868,1633,1459,1428,1249,1115,1090,1071,990,961,929, 
36 
894, 835, 780, 7'29, 69 , 663 cm· 1; 1H Nt-.IR (CDCI 3) o -0.27 (t. 1=6.7 Ht, I H), 
0.20 (s, 6H), 1.02 (ddq, 1=8,7, 6.7, 5.8 HL, lH), 1.14 (d, 1=5.8 H1, 31-1), 1.47 (td, 
1=8.7, 6.7 Hz, I H), -t98 (dd, 1=10.1, 2.0 Hz, IH). 5.12 (dd,1=17.0, 2 0 J-11. !H), 
5.63 (ddd, 1=17.0, 10.1, 8.7 HL, IH), 7.32-7.39 (m, 3H), 7.50-7.59 (m, 2H); 13c 
t'\MR (CDCI3) o -3.5-l. 13.69, 14.85, 17.00, 24.67, 113.7, 127.7, 128.9, 133.R, 
138.7, 139.1. Found: C, 77.76; H, 9.38%. Calcd for C 14H20si. C, 77.71; H. 
9.32%. cis- 12: Bp 57 °C ( 1 Torr, bath temp); IR (neat) 3066, 3048, 2994, 2950, 
2868, 1635, 1459, 1450, 1428, 1410, 1249, 1113, 1069, 1015, 980, 927, 891, 835, 
811,795,783,768, 728,699,650 cm·1; 1H NMR (CDCI3) o 0.00 (dd, 1=9.6, 6.6 
Hz, 1H), 0.28 (s, 3H), 0.31 (s. 3H), 1.02-1.29 (m, 5H), 4.82 (dd, 1=10.0, 1.7 l-17, 
lH), 5.05 (dd, 1=17.1, 1.7 Hz, 1H), 5.39 (ddd,1=17.1, 10.0, 8.5 Hz, IH), 
7.31-7.38 (m, 3H). 7.50-7.60 (m, 2H); 13c NMR (CDCJ3) o -1.37, -0.91, 13.09, 
16.37, 20.53, 28.61, 111.0, 127.7, 128.8, 133.7, 140.0, 143.4. Found: C, 78.01; H, 
9.49%. Calcd for C 14H20Si: C, 77.71; H, 9.32%. 
(2,2-Dibromo-tranr-3-methylcyc lopropyl)methyl 2-tetrahydropyranyl 
ether (13). Tetrahydropyranyl ether of 2-buten-1-ol (15.7 g, 100 mmol) was 
added to a mixture of hexane (150 ml) and t-BuOK (22.5 g, 200 mmol) at -20 oc 
under argon atmosphere. Then, CHBr3 (17.5 ml, 200 mmol) was added dropw1sc to 
the solution over 1.5 h from dropping funnel. After stirring at -20 oc for 2 h and at 
room temperature for 10 h, reaction mixture was poured into saturated aqueous 
NaCI (200 ml). The organic layer was removed and the aqueous layer was extracted 
with hexane (200 ml). The combined organic layer was dried over anhydrous 
Na2S04. Concentration and successive purification by silica-gel column chromato· 
graphy (hexane/AcOEt = 2011) gave 13 in 70% yield (diastereomeric mi>.ture, 23.0 
g): Bp 80 oc (dec, 1 Torr, bath temp); IR (neat) 2938, 2868, 1466, 1453, 1382, 
1350, 1262, 1202, 1184, 1158, 1133, 1121, 1059, 1033, 991, 965, 943, 905, 869, 
814,743,663 cm· 1; 1H NMR (CDCt3) o l.1S-l.89 (m, llH), 3.49-3.64 {m, 2H), 
37 
3.78-3.96 (m, 2H), 4.69 (bs, I H); 13c NMR (CDCI3) b 16.90, 19.13, 19.41, 25.38, 
29.89, 30.46, 30.62, 36.26, 36.70, 61.99, 62.28, 68.95, 69.38, 98.37, 98.94. Found: 
C, 36.82; H, 4.98%. Calcd for C 1oH J602Br2: C, 36.61; H, 4.92%. 
t-2-Hydroxymethyl-c-3-methyl-r -1-t r imethylsilylcyclopropane (trans-
14) and c-2-Hydroxymethyl-t-3-methyl-r -1-trimeth)'lsilylcyclopropane (cis-
14). A hexane solution of 11-BuLi ( 1.6 M, 34 ml, 54 mmol) was added 
drop\vise over 20 min from dropping funnel to a THF (100 ml) solution of 13 ( 17 g, 
52 mmol) and Me3SiCI (33 ml, 260 mmol) at -107 oc (isooctane-liq. N2) under 
argon atmosphere. After stirring for 2 h, cooling bath was removed and the mixture 
was stirred for another 20 min. The mixture was slmvly poured into saturated 
aqueous NaHC03 (200 ml). The product was extracted with AcOEt (150 ml x 2) 
and the extracts \vere dried and concentrated in vacuo. The residual oil was 
dissolved in benzene (100 ml) and 11-Bu3SnH (17.5 g, 60 mmol) was added to the 
solution under argon atmosphere. A hexane solution of Et3B (1.0 M, 3.0 ml, 3.0 
mmol) was added to the mixture at room temperature and exothermic reaction 
occurred instantly. After stirring for 1 h, CH2CI2 (200 ml), KF (35 g), and water 
(11 ml) were added and the resulting mixture was stirred for 12 h. The precipitate 
was filtered by glass filter and the filtrate was concentrated i11 vacuo. The crude 
product was dissolved into methanol (150 ml) and p-TsOH-H20 (1.0 g) was added. 
After stirring for 2 h, Et3N (3 ml) was added and the reaction mixture was 
concentrated. Purification of the product by silica-gel column chromatography 
(hexane/AcOEt = 1011) gave 14 in 71% yield (5.73 g, trans-14/cis-14 = 64/36) . 
The isomers were separated each other by PLC. trans-14 : Bp 95 oc (27 Torr, bath 
temp); IR (neat) 3322, 2988, 2950, 2868, 1458, 1406, 1249, 1086, 1020, 990, 948, 
926,854,835,755,687,664 cm-1; 1 H NMR (CDCJ 3) o -0.49 (dd, 1=9.5, 6.8 Hz, 
1H), 0.04 (s, 9H), 0.80-1.00 (m, 2H), 1.10 (d, 1=5.8 Hz, 3H), 1.54 (bs, 1H), 3.46 
(d, 1=6.4 Hz, 2H); 13c NMR (CDCJ3) o -0.10, 9.21, 16.44, 16.95, 26.89, 68.64. 
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Found: C, 60.88; H, 11.64%. Calcd for C8H 180Si: C, 60.69; H. 11.46%. cis-14: 
Bp 100 oc (27 Torr, bath temp); IR (neat) 3328, 2990, 29.50, :?.898, :?.866, 1462, 
1448, 1380, 1249, 1076, 1021,992,944,924,837,757, 688,662 cm-l; 1H NMR 
(CDC\ 3) o -0.50 (dd, 1=9.4, 7.0 Hz, lH), 0.03 (s, 9H), 0.67 (dqd, 1=7.0, 5.8, 4.2 
Hz, 1H), 1.07 (dddd, 1=9.4, 7.9, 7.3, 4.2 Hz, 1H), 1.14 (d, 1=5.8 Hz, 3H), 1.44 (bs, 
1 H), 3.47 (dd, 1= 11.0, 7.9 Hz, lH), 3.56 (dd, 1= 11.0, 7.3 Hz, I H); 13 c NMR 
(CDCJ3) o -0.05, 11.99, 16.50, 20.58, 28.34, 65.28. Found: C, 60.68; H. 1 1 .68%. 
Calcd for c 8H l80Si: C, 60.69; H, 11.46%. 
c-3-Methyl- r-1 -trimethylsilyl- t-2-vinylcyclopropane and t-3- Methyl-r-
1-trimethylsilyl-c-2-vinylcyclopropane (74:26) (15). Swem oxidation and 
successive Wittig reaction provided vinylcyclopropane 15 in 53% overall yield from 
14: Bp 70-72 oc (55 Torr); IR (neat) 3078, 2994, 2950, 2896, 2868, 1635, 1459, 
1375, 1289, 1249, 1090, 1069, 980, 950, 927, 891, 837, 793, 748, 688, 657, 636 
cm-1; 1H NMR (CDC13) b -0.31 (dd, 1=9.5, 7.2 Hz, 0.26H), -0.22 (dd, 1=9.3, 6.8 
Hz, 0.74H), 0.02 (s, 2.34H), 0.06 (s, 6.66H), 0.78-0.99 (m, 0.26H), 1.00-1.27 (m, 
4.48H), 1.41 (td, 1=10.0, 4.5 Hz, 0.26H), 4.79 (dd, 1=10.0, 1.9 Hz, 0.74H), 4.87 
(dd, 1=10.0, 2.2 Hz, 0.26H), 5.02 (dd, 1=17.2, 1.9 Hz, 0.74H), 5.09 (dd, 1=16.8, 
2.2 Hz, 0.26H), 5.37 (ddd, 1=17.2, 10.0, 8.3 Hz, 0.74H), 5.46 (dt, 1=16.8, 10.0 Hz, 
0.26H); 13c NMR (CDC13) o -0.29, 0.00, 14.08, 15.93, 16.36, 19.36, 20.44, 28.39, 
29.65, 110.4, 112.4, 141.1, 143.9. Found: C, 69.80; H, 11.92%. Calcd for 
C9H13Si: C, 70.05; H, 11.76%. 
2,2-Dibromo-3,3-dimethylcyclopropylmethyl 2-tetrahydropyranyl ether 
(16). An addition of dibromocarbene (CHBr3, 1-BuOK) to prenyl alcohol 
tetrahydropyranyl ether gave cyclopropane 16 (diastereomeric mixture) in 81% 
yield: Bp 85 oc (dec, 1 Torr, bath temp); IR (neat) 2938, 2868, 1455, 1441, 1374, 
1353, 1342, 1322, 1284, 1274, 1262, 1201, 1183, 1158, 1134, 1121, 1079, 1059, 
1031, 979, 906, 869, 815, 755, 664 cm-1; 1 H NMR (CDCly o 1.25 (s, 3H), 1.43 (s, 
39 
3H), 1.50-1.98 (m, 7H), 3.44-4.01 (m, 4H), 4.64-4.71 (m, IH): 13c NMR 
(COCI3) b 19 14, 19.34, 19.47, 25.35, 27.16, 28.38, 30.51, 30.57, 38.24, 38.43, 
44.63, 44.81, 61.94, 62.16, 66.08, 66.21, 98.45, 98.85. Found: C, 38.53; H, 5.26%. 
Calcd for C I I H 1g02Br2· C, 38.62; H, 5.30'7c. 
2-Bromo-3,3-d i methyl-2-trimet hylsi ly le) c lopropylrneth y l tetrahyd ro-
pyranyl ether (17, cis trans mixture). According to the description for the 
synthesis of 14, the title compound was obtained 1n 65% yield (8.5 g) starting from 
16 (13.3 g, 39 mmol): Bp 82 oc (dec, 1 Torr, bath temp); lR (neat) 2942, 2868, 
1456, 1442, 1408, 1384, 1373, 1342, 1322, 1284, 1249, 1201, 1184, 1160, 1134, 
I 119, 1078, 1056, 1029,997,974,951,929,904, 841,815,763,735,682,628 
cm· l ; 1 H NMR (COCl3) o 0.19-0.27 (m, 9H), 0.90-1.28 (m, 4H), 1.43-1.95 (m, 
9H), 3.40-3.65 (m, 2H), 3.72-4.03 (m, 2H), 4.64 (bs, 1H). Found: C, 50.23; H , 
8.39%. Calcd for C 14H2.p2siBr: C, 50.14; H, 8.12%. 
tra" s-2-Hyd roxymethyl-3,3-dimethyl-1-trimethylsilylcyclopropane 
(trans-18) and cis-2-Hyd roxymethy l-3,3-dimethy l-1-trimethy l sily l cyclo-
propane (cis-18). Hydrodebromination of 17 was performed by two methods. 
Procedure A: Reduction With n-Bu3SnH (3.33 g, 11.4 mmol)-Et38 (1.0 M hexane 
solution, 1 ml) system as described for the symhesis of 14 followed by deprotection 
of tetrahydropyranyl ether (p-TsOH-MeOH) ga,·e 18 in 90% yield (1.61 g, cis-
18/trans-18 = 3.8/l) starting from 17 (3.49 g, 10.4 mmol). Procedure 8: n-BuLi 
( 1.54 M hexane solution, 7.9 ml, 12.2 mmol) was added over 5 min to a solution of 
17 (3.73 g, 11 .1 mmol) in THF (22 ml) at -78 oc. After stirring for 1 h, AcOH ( 1.4 
ml, 24 mmol) was added to the react ion mixture and then cooling bath was 
remo\'cd. After stirring for additional 15 min at room temperature, the resulting 
mixture was poured into saturated aqueous NaHC03 (50 ml) and the product was 
extracted with AcOEt (50 ml x 2). The organic layer was dried O\'er anhydrous 
Na2S04 and concentrated in vacuo. Oeprotection of tetrahydropyranyl ether 
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foliO\\ ed by punficat1on by Silica-gel column chromatography (he\.ane/AcOEt = 
1011) ga\'e 18 1n 62ft ) 1eld ( 1.19 g. trans-18 cis-18 = I Ill). Anal yt1<.:al pure 
samples were prepared b) prcparatl\e GLPC (Column B, 130 °C, tr=R 37 m1n 
(trans-18 ) and 9.46 min (cis-18 )). trans-18 : Bp 52 oc ( 1 Torr, bath temp); 1R 
(neat) 3314,2948, 2870, 1454, 1412, 1376, 1300, 1248, 1120, 1083, 1049, 1016, 
964, 953, 926, 865, 835, 760, 687, 663 em -1; 1 H NMR (COCt3) b- 0.67 (d, 1=7.2 
Hz, 1H), 0.02 (s, 9H), 0.96 (ddd, 1=8.3, 7.2, 6.3 Hz, 1 H), 1.12 (s, 3H), I. 16 (s, 3H), 
1.28 (bs, 1H), 3.53 (dd, 1=11.4, 8.3 Hz., lH), 3.72 (dd, 1= 11.4, 6.3 HL., 1 H); 13c 
NMR (CDCI3) o -0.17, 17.86, 21.90, 22.77, 25.14, 31.78, 64.98. Found: C, 62.83; 
H, 11.91%. Calcd for Cifi:wOSi: C, 62.72; H, 11.70%. cis-18 : Bp 50 oc (l Torr, 
bath temp); IR (neat) 3308,2948,2890, 1453, 1412, 1375, 1290, 1248, 1 120, 1045, 
1018,966,938,835,757,685,655 cm·l; 1H NMR (CDCI3) o -0.36 (d, 1=9.9 Hz, 
1H), 0.07 (s, 9H), 1.12-1.26 (m, 8H), 3.61 (dd, 1=11.2, 8.7 Hz., 1H), 3.72 (dd, 
1=11.2, 6.7 Hz, 1H); 13c NMR (CDCI3) o 1.13, 17.55, 18.17, 21.09, 30.81, 32.07, 
62.39. Found: C, 62.45; H, 11.97%. Calcd for C~20oSi: C, 62.72; H, 11.70%. 
tram-3,3-Dimethyl-1-trimethylsilyl-2-vinylcyclopropane (tram-19) and 
cis-3,3-Dimethyl-1-trimethylsily l-2-vinylcyclo-propane ( cis-19). 
According to the synthesis of 3, Swem oxidation and Wi uig reaction of J 8 (cis-
rich) or 18 (trans-rich) gave 19 (cis-rich) or 19 (trailS-rich) in 57% or 51% yield, 
respectively. Analytical samples were obtained by preparative GLPC (Column 8, 
50 °C, tr=6.78 min (trans-19) and 8.09 min (cis-19)). trans-19 : Bp 63 oc (40 
Torr, bath temp); IR (neat) 3078, 2948, 2868, 1634, 1458, 1375, 1248, 1133, 1 117, 
982, 909, 892, 860, 836, 768, 752, 688 em -l; 1 H NMR (COCI3) o -0.38 (d, 1=7.0 
Hz, lH), 0.03 (s, 9H), 1.11 (s, 6H), 1.31 (dd, 1=8.7, 7.0 Hz., 1H), 4.92 (dd, 1=10.0, 
2.1 Hz, 1H), 5.06 (dd, 1=17.0, 2.1 Hz, 1H), 5.62 (ddd,1=17.0, 10.0, 8.7 Hz, lH); 
13c NMR (COCI3) o- 0. 14, 21.69, 23.60, 24.24, 24.82, 33.86, 1 12.8, 140.4. 
Found: C, 71.23; H, 12.20%. Calcd for c 10H2oSi: C, 71.34; H. 11.97%. ci s-19 : 
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Bp 58 oc (40 Torr, bath temp); IR (neat) 3078, 2950, 1632, 1457, 1375, 1248, 
11 18,984,920,894,836,765,754,722,686,653 cm-1; 1H NMR (CDCIJ) b -0.17 
(d, 1=9.9 Ht, I H), 0.07 (s. 9H), 1.13 (s, 3H), 1.15 (s, 3H), 1.58 (t, 1=9.9 Hz, 1H). 
4.94 (dd, 1=10 2, 2.2 Ht, 1H), 5.14 (dd, 1=16.9, 2.2 Hz, 1H). 5.66 (ddd, 1=16.9, 
10.2, 9.9 Ht, 1H); 13c N~R (CDCJ3) b 1.00, 19.06, 21.62, 23.59, 30.58, 34.20, 
113.5, 138.6. Found: C, 71.12; H, 12.20%. Calcd for C 10H20Si: C, 71.34; H, 
11.97%. 
(trans-3,3-Dibromo-2-phenylcyclopropy1)methyl 2-tetrahydropyranyl 
ether (20). Treatment of tetrahydropyrany.l ether of (£)-cinnamyl alcohol 
(21.8 g, 100 mmol) with CHBr3 (17.5 ml, 200 mmol) and t-BuOK (22.5 g, 200 
mmol) as descnbed for the synthesis of 13 ga"c the compound 20 in 57% yield 
(22.2 g, 57/43 diastcreomeric mixture): Bp 110 °C (dec, 1 Torr, bath temp); IR 
(neat) 3056,3028, 2938, 2866, 1654, 1602, 1498, 1465, 1452, 1387, 1364, 1351, 
1323, 1261 , 120 1, 1183, 1120,1077,1063,1034,1001,971,950,905,869,812, 
753, 733, 694, 664 cm-1; 1H NMR (CDCI 3) b 1.45-2.06 (m, 6H), 2.27 (ddd, 
1=7.5, 5.5, 3.2 Hz., 0.43H), 2.31 (ddd, 1=7.7, 5.6, 3.5 Hz, 0.57H), 2.66 (d, 1=7.7 
HL, 0.57H). 2.70 (d, 1=7.5 Hz, 0.43H), 3.49-3.61 (m, 1H), 3.72-4.07 (m, 3H), 4.78 
(bs, 1H), 7.25-7.45 (m, 5H); 13c NMR (CDC13) b 19.14, 19.35, 25.39, 30.52, 
30.63, 34.35, 34.78, 39.62, 62.13, 62.27, 68.90, 69.13, 98.64, 98.97, 127.6, 128.3, 
128.8, 135.6. Found: C, 46.30; H, 4.64%. Calcd for C1sH 1802Br2: C, 46.18; H, 
4.65%. 
c-2-Hydroxymethyl-t-3-phenyl-r-1-trimethylsilylcyclopropane (cis-21 ) 
and t-2- Hydroxy m et hyl-c-3-phenyl-r-1-trimethylsilylcyclopropane (trans-
21). Following the procedure for the synthesis of 14, an addition of n-BuLi to 
a mixture of 20 ( 12.1 g, 31 mmol) and Me3SiCI ( 19 ml, 150 mmol) in THF to gi\'e a 
si lylated cyclopropane which was treated \Vith n- B u3SnH-Et3 B followed by 
deprotection with p-TsOH ga\'e 21 in 59% yield (4.0 g, cis-21 /trans-21 = 2/ 1). 
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Separation by PLC ga'e analyttcal samples (RJ-0.46 ( lrans-21 ) and 0.51 (cis-21 ). 
he'\ane/AcOEt = 3/ 1). cis-21 : Bp 96 oc (1 Torr, bath temp); IR (neat) 3316,3058. 
3026. 2996, 2948. 2892, 1604, 1499, 1458, 1249, 103~. 920, 838, 751. 694, 662 
em -1; 1 H NMR (CDCJ3) o 0. 11 (s, 9H), 0.~5 (dd, 1=10.0, 7.2 H1. 1 H), 1.46 (bs, 
lH). 1.70 (dddd, 1=10.0, 7.5, 7.0, 4.6 Hz, 1H). 1.82 (dd, 1=7.2. 4.6 H1, 1H). 3.63 
(dd, 1=11.2, 7.5 Hz, lH), 3.70 (dd, 1=11.2, 7.0 Hz, 1H), 7.08-7.31 (m, 5H); 13 C 
NMR (CDCI3) o -0.14, 15.77, 26.51, 30.65, 64.91, 125.6, 125.8, 1~8.3. 143.4. 
Found: C, 71.13; H, 9.36%. Calcd for c 13H2oOSi: C, 70.85; H, 9.15%. trnm-21 : 
Bp 98 oc (1 Torr, bath temp); IR (neat) 3310,3080,3058,3026,2948,2860, 1603, 
1497, 1448, 1420, 1247, 1116, 1031,905,836,791,753,697,661 cm-l; 1H NMR 
(CDCJ3) o -0.25 (s, 9H), 0.02 (dd, 1=10.5, 7.0 Hz, 1H), 1.57 (bs, 1H), 1.70 (dtd, 
1=7.0, 6.6, 4.8 Hz, 1 H), 2.25 (dd, 1=10.5, 4.8 Hz, lH), 3.66 (d, 1=6.6 Hz, 2H), 
7.10--7.27 (m, 5H); 13c NMR (CDC13) o -1.10, 12.60, 23.51, 27.00, 68.21, 126. 1, 
127.9, 129.3, 140.0. Found: C, 70.58; H, 9.37%. Calcd for C 13H 200Si: C, 70.85; 
H, 9.15%. 
t-2-Phenyl-r-1-trimethylsilyl-c-3-vinylcyclopropane ( cis-22) and c • 2 · 
Phenyl-r-1-trimethylsilyl-t-3-vinylcyclopropane ( Ira 11 s -22). S we r n 
oxidation followed by Wittig reaction of 21 (3.13 g, 14.2 mmol) provided 22 in 82% 
yield (2.53 g, cis-22/tram-22 = 2/ l). cis-22 (Rr-0.58, hexane): Bp 60 oc ( 1 
Torr, bath temp); IR (neat) 3078, 3026, 2998, 2950, 1634, 1603, 1499, 1449, 1249, 
1072, 984, 893, 839, 750, 694, 663 em -l; 1 H NMR (CDCI3) o 0.10 (s, 9H), 0.47 
(dd, 1=9.7, 7.9 Hz., 1 H), 1.92-2.04 (m, 2H), 4.97 (dd, 1=9.9, 1.9 Hz., 1 H), 5.16 (dd, 
1=16.8, 1.9 Hz, 1H), 5.48-5.68 (m, lH), 7.06-7.31 (m, 5H); 13c NMR (CDCI3) o 
-0.37, 18.19, 29.12, 32.65, 113.9, 125.5, 125.7, 128.3, 139.6, 143.3. Found: C, 
77.70; H, 9.47%. Calcd for C 14H20si: C, 77.71; H, 9.32%. trans-22 (RJ-0.65, 
hexane): Bp 55 oc (1 Torr, bath temp); IR (neat) 3078, 3058, 3024, 2996, 2950, 
2894, 1636, 1603, 1497, 1448, 1248, 983, 959, 894, 856, 839, 752, 740, 697, 638 
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cm· l ; I H NMR (CDCI 3) b -0.25 (s, 9H), 0.:!3 (dd, 1=10.5, 6.9 Hz, I H), 1.98 (ddd, 
J=8 :!, 6.9, 4.7 Ht, 1 H). :!.37 (dd, J= 10.5, 4.7 Ht, I H), 4.9:! (dd, J= I 0.0, 1.7 Hz, 
IH), 5.19 (dd, 1=17.1, 1.7 Hz, 1H), 5.57 (ddd,J=17. 1, 10.0, 8.:! H1 , lH). 
7.10-7.:!7 (m, 5H); 13c NMR (CDCI3) b -1.01, 16.70, :!4.87, 30. 14, 111.7, 126.1, 
127.9, 129.2, 140 2, 142.7. Found: C, 77.70; H, 9.52%. Calcd for C 14H 20si: C, 
77.71; H, 9.32<'k. 
1,2-Bis[ (2-tetrahydropyranyloxy)methyl )-3,3-dibromocyclopropane (23). 
An add1tion of dibromocarbcne (CHBr3 (27.2 ml, 3 I:! mmol) and 1-BuOK (35 g, 
312 mmol)) to tetrahydropyranyl ether of cis-2-buten- 1 ,4-diol (20.3 g, 79.3 mmol) 
afforded the compound 23 (21.4 g) in 63% yield: Bp 158 oc (dec, 0.13 Torr, bath 
temp); IR (neat) 2938, 2868, 1466, 1453, 1440, 1386, 1366, 1353, 1263, 1201 , 
1183, 1135, 1 1:!1, 1077, 1060, 1032,968,905,869,815,737 cm-1; 1H NMR 
(CDCI3) o 1..54-1.93 (m, 1:!H), 2.03-2.17 (m, 2H), 3.44-3.63 (m, 4H), 3.75-4.00 
(m, 4H). 4.65-4.71 (m, 2H); l3c NMR (CDCI3) o 19.06, 19.29, 25.35, 30.46, 
30.54, 32.57, 32.77, 61.95, 62.00, 62.18, 65.25, 65.33, 98.62, 98.70, 98.83. Found: 
C. 42.05; H , 5.729c. CaJcd for C 1_sH 24o4sr2: C, 42.08; H, 5.65%. 
c- l ,c-2-Bis[ (2-tetrahydropyranyloxy)methyl ]-r-3-bromo-3-trimethyl-
sily lcyclopropane (c i s-24) and t-1 ,t-2-Bis[(2-tetrahydropyranyloxy)methyl]-
r-3-bromo-3-trimethylsilylcyclopropane (trans-24). Treatment of 23 (16 g, 
37 mmol) ,.vith n-BuLi (1.6 M, 25 ml, 40 mmol) in THF (100 ml) in the presence of 
Me3SiCI (24 ml, 190 mmol) gave 24 in 64% yield (10.0 g, a mixture of two 
stereoisomers, 111). An isomer (Rf=0.55, hexane/AcOEt = 5/ 1 ): Bp 147 oc (dec, 
0.13 Torr, bath temp); IR (neat) 2940, 2868, 1466, 1454, 1441, 1385, 1366, 1354, 
1249,1201 , 1183,1159,1120,1079,1057,1029,976,905,868,843,815,758,630 
cm·
1; 1H NMR (CDCI3) o 0.:!7 (s, 9H), 1.55-1.95 (m. 12H), 2.05-2.21 (m, 2H), 
3.34-3.60 (m, 4H), 3.72-3.93 (m, 4H), 4.61-4.68 (m, 2H); 13c NMR (CDCI3) o 
0.47, 19.12, 19.44, 25.38, 30.53, 30.65, 31.13, 3:!.46, 32.59, 61.82, 62.30, 63.42, 
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63.50, 63.88, 64.00, 98.33, 98.44. Found: C, 51.:!8; H, 8.09% Calcd for 
c18H3304Si8r: C, 5 1.30; H, 7.89Ck. Another ISOmer <Rr=0.59, hc'\anc AcOE:.t = 
5/1): Bp 140 oc (dec, 0, I:! Torr, bath temp); IR (neat) 2940, 2868, 1466, 1454, 
1441, 1385, 1366, 1354, 1283, 1:!50, 1201, 1184, 1161, 1137, 1120, 1078, 1057, 
1029, 975, 905, 888, 868, 841, 816, 745, 620 cm· 1; I H NMR (CDCI3) b 0.10 (s, 
9H), 1.20-1.32 (m, 2H), 1.48-1.88 (m, 12H), 3.47-3.71 (m, 4H), 3.83-l-03 (m, 
4H), 4.65-4.69 (m, 2H); l3c NMR (CDCI3) o -3.41 , 19.27, 19.55, 2 1.78, 22.16, 
25.43, 30.70, 34.63, 35.20, 62.00, 62.24, 62.30, 65.71, 65.85, 65.92, 98.40, 98.70. 
Found: C, 51. 18; H, 8.16%. Calcd for C 18H3304SiBr: C, 51.30; H, 7.89o/c. 
c-2,c-3-Bis[ (2-tetrahydropyranyloxy)methyl]-r-1-trimethy1sil)' lcyclo-
propane (c is -25) and 1- 2 ,t-3-Bis[ (2-tetrahydropyranyloxy)mcthyl]-r-l· 
trimethy lsil y lcyclopropane (tram-25). Reduction of 24 \\'ith 11 -8 u3SnH-
Et3B afforded the compound 25 in 92% yield as a stereoisomeric mixture (cis-
25/tram-25 = 1711, GLPC Column A, 220 °C, tr=3.57 min (trans-25 ) and 4.63 
min (cis-25)): Bp 160 oc (1 Torr, bath temp); IR (neat) 2940, 2870, 1466, 1454, 
1442, 1385, 1369, 1343, 1320, 1285, 1247, 1201, 1184, 1159, 1136, 1119, 1079, 
1056, 1026, 973,905,886,836,815,756,686,645 cm·l; IH NMR (CDCI 3) o 
-0.09-0.14 (m, lOH), 1.45-1.92 (m, 14H), 3.34-3.53 (m, 4H), 3.80-3.95 (m, 4H), 
4.61-4.65 (m, 2H); 13c NMR (CDCI3) for cis-25 o 1.03, 7.67, 19.43, 1 9.61, 
19.66, 20.06, 20.17, 25.49, 30.70, 30.82, 61.96, 62.04, 62.31, 62.36, 65.83, 65.93, 
66.07, 98.53, 98.70. Found: C, 62.95; H, 10.25%. Calcd for C 18H3404Si: C, 
63.11; H, 10.00%. 
c-3-Hydroxymethyl· c-2·(2-tetrahydropyranyloxy)methyl - r-1-
trimethylsilylcyclopropane (cis-26). Half deprotection of tetrahydropyranyl 
ether 25 (including two isomers) with p-TsOH in MeOH provided the title 
compound as a major product in 57% yield: Bp 134 oc (l Torr, bath temp); IR 
(neat) 3432, 2944, 2892, 2872, 1442, 1413, 1383, 1285, 1248, 1202, 1160, 1133, 
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1119, 1078, 1053, 1025,977,903,837,758,688,646 cm·1; 1H NMR (COCI3) 0 
-0.07-D.08 (m, 10H), 1.10-1.90 (m, 8H), 2.91-3.65 (m, 4H), 3.79-3.93 (m, 2.5H). 
4.11-4.19 (m, 0.5H), 4.68 (bs, !H); 13c N!viR (CDCJ3) o 1.31, 7.64, 7.73, 19.13, 
19.47, 19.59, 19.77, 23.21, 23.29, 25.15, 25.26, 30.42, 30.54, 60.92, 61.11, 62.10, 
62.45, 65.80, 66.20, 98.04, 98.80. Found: C, 60.13; H, 10.38%. Calcd ror 
C13H2603Si: C, 60.42; H, 10.14%. 
c-2-Hydroxymethyl- r -1-trimethylsilyl- c-3-vinylcyclopropane (27). 
SLarttng from 26, the compound 27 \\as obtamed in 80% yield by the following 
sequence, Swem oxidation, Wttlig reaction, and dcprotection: Bp 81 oc (J Torr, 
bath temp); IR (neat) 3326,3076,2996,2952,2892, 1633, 1411, 1286, 1249, 1024, 
988,945,922,897,837,757, 690,665,645 cm·1; IH NMR (CDCJ3) o 0.10 (s, 
9H), 0.17 (t, 1=9.8 HL, 1 H), 1.44 (bs, 1 H), 1.66 (dddd, 1=9.8, 9.4, 8.0, 6. 7 Hz, l H), 
1.96 (ddd, 1=10.2, 9.8, 8.0 Hz, lH), 3.65 (dd, 1= 11.3, 9.4 Hz, 1H), 3.82 (dd, 
1= 11 .3, 6.7 Hz, 1H), 5.05 (dd, 1=10.2, 1.9 Hz, IH), 5.27 (dd, 1=16.8, 1.9 Hz, 1H), 
5.69 (dt, 1= 16.8, 10.2 Hz, l H); 13c NMR (CDCJ3) o 0.97, 11.50, 24.42, 25.75, 
61.59, 115.5, 136.4. Found: C, 63.17; H , 10.67%. Calcd for Cifi 180Si: C, 63.47; 
H, 10.65%. 
c-2-(1-Hydroxyethyl)-r-1-trimethylsilyl-c-3-vinylcyclopropane (28). 
Swem oxidation or 27 and successive treatment of the crude product with MeMgl 
gave 28 in 82% yield (thrco/erythro = 1/ 1) by purification by silica-gel column 
chromatography. Diastereomers were seperated by PLC. Fast moving band 
(Rp0.50, hexane/AcOEt = 3/ 1): Bp 75 oc (1 Torr, bath temp); lR (neat) 3314, 
2966, 2952, 1633, 1367, 1286, 1261, 1247, 1186, 1108, 1099, 995, 982, 896, 833, 
751,689,645cm·1; 1HNMR(CDCiy o0.13(t,1=9.5Hz, 1H),0.15(s,9H), 1.25 
{d, 1=6.1 Hz, 3H), 1.38 (ddd, 1=10.3, 9.5, 8.3 Hz, 1H), 1.41 (bs, 1H), 1.92 (ddd, 
1=10.1, 9.5, 8.3 Hz, lH}, 3.58 (dq,1=10.3, 6.1 Hz, 1H}, 5.00 (dd, 1=10.1, 2.2 Hz, 
1H), 5.20 (dd, 1=16.8, 2.2 Hz, 1H), 5.57 (dt, 1=16.8, 10.1 Hz, 1H); 13c NMR 
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(CDCiy b 0.87, 12.10, 23.21, 24.82, 3 1.84, 67.31, 115.3, 136 6. Found: C, 65.10: 
H, 11.10%. Calcd ror C 10H2oOSt: C, 65. 15; H, 10.93<K. Slm\ mo' ing band 
(Rr=0.44): Bp 76 oc ( 1 Torr, bath temp}; IR (neat) 3368, 2952, 2896, 1634, 1283. 
1251, 1105, 1063, 980,967,937,895,836,757,687.645 cm·1; I H NMR (CDCI3) 
o 0.10 (s, 9H), 0.17 (l, 1=9.6 HL, lH), 1.34 (d, 1=6.1 HL, 3H}, 1.45 (ddd, 1=10.3, 
9.6, 7.9 Hz, 1H), 1.71 (bs, !H), 1.90 (ddd, 1=10.1 , 9.6, 7.9 Hz, 1H). 3.70 (dq, 
1=10.3,6.1 Hz, IH),5.08(dd,1=10.1,1.9Hz, 1H), 5.29(dd,1=16.9, 1.9Hz, IH}, 
5.73 (dt, 1=16.9, 10.1 Hz, 1H); 13c NMR (CDCI3) o 1.00, 12.35, 22.99, 24.38, 
32.49, 67.03, 116.0, 136.5. Found: C, 65.15; H, 11.07%. Calcd for C 10H2oOSi: C, 
65.15; H, 10.93%. 
c-2-Acetyl-r-1-trimethylsilyl-c-3-vinylcyclopropane (29). 
PCC (6.2 g, 28.9 mmol) oxidation of 28 (1.33 g, 7.2 mmol) pro\"ided the compound 
29 in 65% yield (0.85 g, 4.7 mmol): Bp 58 oc (1 Torr, bath temp); IR (neat) 3080, 
2996,2948,2896, 1699, 1634, 1425, 1388, 1351, 1284, 1246, 1172, 1136, 103 1, 
999,977,902,872,841,765,686,643,626,604 cm·1; 1H NMR (CDCI3) o 0.11 
(s, 9H), 0.49 (dd, 1=10.1, 9.1 Hz, lH), 2.24 (s, 3H), 2.32 (td, 1=10.1, 8.3 Hz, lH}, 
2.47 (dd, 1=9.1, 8.3 Hz, 1H), 4.98 (dd, 1=10.1, 2.2 Hz, lH), 5.20 (dd, 1=17.0, 2.2 
Hz, 1H), 5.82 (dt, 1=17.0, 10.1 Hz, 1H); 13c NMR (CDCI3) 0 0.79, 17.87, 31.81, 
32.63, 115.2, 135.3, 207.3. Found: C, 65.71; H, 10.25%. Calcd for C 1oH 180St: 
C, 65.87; H, 9.95%. 
cis-2-Hydroxymethyl-1-tributylstannylcyclopropane (30). 
CH2I2 (2 ml, 24 mmol) was added dropwise over 30 min to a mixture or 3-
tributylstannyl-2-propen-1-ol 18) (4.3 g, 12.4 mmol), Et2Zn (2.4 ml, 24 mmol) and 
i-Pr20 (25 ml). Arter stirring for 1.5 h, workup and punfication by silica-gel 
column chromatography (hexane/AcOEt = 511) gave 30 in 39% yield (1.72 g): Bp 
123 oc (1 Torr, bath temp); IR (neat) 3336, 3048, 2952, 2920, 2868, 2850, 1458, 
1419, 1376, 1071, 1028,851 cm·l; l H NMR (CDCI3) o -0.02 (ddd, 1=9.7, 8.8, 
47 
7.5 Ht., I H), 0.21 (ddd, 1=7.5, 4.6, 3.8 Hz, I H), 0.68-1.05 (m, 16H), 1.16-1.70 (m, 
14H). 3.25 (dd, 1=10.9, 7.8 Hl, I H), 3.57 (dd, 1=10.9, 6.2 Hz, 1H); 13c NMR 
{COCI3) b -1.40, 7.'24, 9.76, 13.68, 17.46, 27.36, '29.09, 68.57. Found: C, 53.~6; H. 
9.769c. Calcd for C I6H340Sn: C, 53.'21; H. 9.49%. 
cis- 1-Tributylstannyl-2-vinylcyclopropane (31 ). By means of Swem 
oxidatiOn and Willig reaction, the title compound 31 was obtained in 91% yield 
from 30: Bp 70 oc (1 Torr, bath temp); IR (neat) 3078, 3048, 2954, 29'22, 2868, 
'2848, 1635, 1458, 1419, 1376, 1340, 1289, 1072, 1033,984, 960,925, 893, 878, 
834 cm·1; 1H NMR (COCI 3) 6 0.21 (ddd, 1=9.8, 9.3, 7.9 Hz, lH), 0.44 (ddd, 
1=7.9, 4.1, 3.8 Hz, 1 H), 0.67-D.99 (m, ISH), 1.07 (ddd, 1=9.3, 7.9, 3.8 Hz, 1 H), 
1.22-1.57 (m, 12H), 1.71 (dddd, 1=9.8, 8.8, 7.9, 4.1 Hz, IH), 4.87 (dd, 1=9.9, 2.0 
HL, 1H). 5.10 (dd, 1=17.0, 2.0 Hz, lH), 5.30 (ddd, 1=17.0, 9.9, 8.8 Hz, 1H); 13c 
NMR (COCI3) 6 3.63, 9.71, 10.60, 13.73, 18.61, 27.36, '29.08, 112.2, 143.9. Found: 
C, 56.98; H. 9.87%. Calcd for C 17H 34Sn: C, 57.17; H, 9.59%. 
c-2-Hydroxymethyl-/-3-methyl-r-1-tributylstannylcyclopropane (32). 
CH3CH1 '2 (2.0 ml, 21 mmol) was added to a solution of 3-tributylstannyl-2-propen-
1-ol (3.7 g, II mmol) and Et2Zn (2.1 ml, 21 mmol) in i-Pr20 (25 ml). Extracti,·e 
workup followed by silica-gel column chromatography gave the compound 32 in 
28% yield (1.11 g): Bp 120 oc (1 Torr, bath temp); IR (neat) 3312,2950,2920, 
2852, 1459, 1419, 1377, 1357, 1341' 1291, 1249, 1073, 1019, 982, 961' 912, 873, 
864,685,663 cm·l; 1H NMR (CDCIJ) 6-0.27 (dd, 1=9.1, 6.9 Hz, IH), 0.60-1.68 
(m, 33H, including 1.15 (d, 1=5.7 Hz, 3H)), 3.23-3.37 (m, 1H), 3.46-3.59 (m, 1H); 
13c NMR (COCJ3) 6 8.33, 9.83, 13.7 1. 16.17, 20.78, 26.56, 27.35, 29.13, 68.10. 
Found: C, 54.39; H, 9.91%. Calcd forC 17H36osn: C, 54.42; H, 9.67%. 
t-3-Methyl-r-1-tributylstannyl-c-2-vinylcyclopropane (33). S we r n 
oxidation ((COC1)'2 (0.30 ml, 3.5 mmol), DMSO (0.49 ml, 7.0 mmol}, and Et3N 
(1.9 ml, 14 mmol)) followed by Wittig reaction (Ph3PCH3I (1.22 g, 3.0 mmol) and 
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r-BuOK (0.34 g, 3.0 mmol)) afforded 33 in 88% yield (0.76 g) from 32 (0.87 g.~ 3 
mmol): Bp 75 oc (I Torr, bath temp): IR (neal) 3078, ~95~. ~9~0. ~~66. 285~. 
'233~. 1634, 1458, 1419, 1375, 1070,975,891,667 cm·1: 1H NMR (COCJ 3) b 
-0.01 (dd, 1=9.'2, 7.~ Hz, I H), 0.65-1.65 {m, 3'2H mcludmg 1.15 (d. 1=5.7 Ht, 
3H)}, 4.83 (dd, 1=9.6, '2.3 Hz, 1 H), 5.06 (dd, 1= 16.9, '2.3 Ht, I H), 5.31 (ddd, 
1=16.9, 9.6, 9.0 Hz, 1H); 13c NMR (COCJ3) 6 9.7'2, 13.50, 13.73, 19.~6. ~0.63. 
27.31, 28.01, '29.09, 111.7, 143.7. Found: C, 58.40; H, 10.06%. Calcd for 
c 18H36sn: C, 58.'24; H, 9.78%. 
General Procedure for the Radical Induced Ring Opening Reaction of 
Vinylcyclopropane. Procedure A: PhSH ( 1.1 mmol) was added to a solution 
of vinylcyclopropane ( 1.0 mmol) in benzene (2 ml) under argon atmosphere and the 
mixture was heated at 60 oc for several hours under stirring. The reaction mi...;turc 
was concentrated in vacuo and the residue was purified by silica-gel column 
chromatography. Procedure 8: Et38 (1.0 M hexane solution, 0.2 ml) was added to 
a solution of ,·inylcyclopropane ( 1.0 mmol) and Ph3SnH or n-Bu 3SnH ( 1.1 mmol) 
in benzene (3.0 ml) under argon atmosphere at room temperature. After sumng for 
seYeral hours, the reaction mixture was concentrated in vacuo and the residual oi l 
was purified by silica-gel column chromatography. Procedure C: In the case of the 
reaction between vinylcyclopropane and n-C6F 131 ( 1.2 mmol), hexane (2 ml) was 
used as a solvent instead of benzene in the Procedure B. 
(E)-5-Dimethylphenylsilyl-1-phenylthio-2-pentene ((E)-39a) and (Z)-5-
Dimethylphenylsilyl-1-phenylthio-2-pentene ((Z)-39a): Procedure A; GLPC 
Column A, 180 oc (initial) 220 oc (final) 2 °C/min, Ir=17.09 min ((E)-39a) and 
15.34 min ((Z)-39a). (E)-39a: Bp 118 oc (1 Torr, bath temp); IR (neat) 3064, 
3016, 2950, 2912, 2846, 1584, 1480, 1438, 1427, 1248, 1223, 1113, 1091, 1025, 
965, 835, 819, 774, 735, 699, 690 cm·l; 1 H NMR (CDCJ3) 6 0.24 (s, 6H), 
0.72-0.81 (m, 2H), 1.94-2.06 (m, 2H), 3.49 (d, 1=6.0 Hz, 2H), 5.45 (dt, 1=1 5.1, 
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6.6 H7. I H), 5.ro (dt, 1= 15.1, 6.0 Hz, 1 H), 7.13-7.39 (m, 8H), 7.48-7.54 (m, 2H); 
13cNMR (CDCI3) b-3.05,15.18,26.51,36.33, 123.5, 126.0,127.7, 128.7,128.8, 
I 29.6, 133.5, 136.4, 136.9, 139.1. Found: C, 73.29; H, 7.85%. Calcd for 
C19H24S1S: C, 73.01; H. 7.74%. (Z)-39a : Bp 123 oc (1 Torr, bath temp); IR 
(neat) 3064,3012, 2952, 2918, 1584, 1481, 1459, 1439, 1427, 1248, 1224, 1113, 
1090, 1025,909,835,816,775,734,699,689,664 cm·l; 1 H NMR (CDCIJ) o 0.25 
(s, 6H), 0.67-0.76 (m, 2H), 1.90-2.02 (m, 2H), 3.48 {d, 1=7.0 Hz, 2H), 5.41 (dt, 
1=11.0, 7.6 Hz, 1H), 5.52 (dt, 1=11.0, 7.0 Hz, JH), 7.13-7.37 (m, 8H), 7.45-7.54 
(m, 2H); l3c NMR (CDCI3) o -3.04, 15.85, 21.41, 31.33, 123.1, 126.3, 127.8, 
128.8, 128.9, 130.3, 133.5, 136.2, 139.0, 139.5. Found: C, 73.26; H, 7.86%. Calcd 
forC 19H 24S1S: C, 73.01; H, 7.74%. 
(E)-5-Dimethylpheny lsily l-1-triphenylstannyl-2-pentene ((E) -39b) and 
(Z)-5-Dimethylphenylsilyl- l-triphenylstannyl-2-pentene ((Z)-39b) : Procedure 
B; LC tr=42 min ((E)-39b) and 45 min ((Z)-39b). (E)-39b: Bp 210 oc (0.13 
Torr, bath temp); IR (neat) 3060, 3044, 3010, 2950, 2902, 1654, 1480, 1428, 1248, 
1113, 1074, 1022,997,959,835,772,726,697,669,657 cm·1; 1H NMR (CDCIJ) 
o 0.21 (s, 6H), 0.65-0.73 {m, 2H), 1.89-2.00 {m, 2H), 2.36 (d, 1=7.8 Hz, 2H), 5.42 
(dt, 1=15.0, 6.3 Hz, 1H), 5.63 (dt, 1=15.0, 7.8 Hz, lH), 7.33-7.73 {m, 20H); 13c 
NMR (CDCI3) o -3.04, 15.78, 15.87, 26.71, 125.3, 127.7, 128.4, 128.8, 128.9, 
131.4, 133.5, 137.1, 138.7, 139.4. Found: C, 67.00; H, 6.18%. Calcd for 
C3 1 H34SiSn: C, 67.28; H, 6.19%. (Z)-39b : Bp 205 oc (0.13 Torr, bath temp); IR 
(neat) 3060, 3044, 3006, 2950, 2918, 1655, 1637, 1480, 1428, 1248, 11 13, 1074, 
1022, 997, 835, 818,776, 725, 697, 656 cm·1; lH NMR (CDCJ3) o 0.17 (s, 6H), 
0.56-0.65 (m, 2H), 1.83-1.96 (m, 2H), 2.33 (d, 1=8.9 Hz, 2H), 5. 19 (dt, 1=10.5, 
6.9 Hz, lH), 5.62 (dt, 1=10.5, 8.9 Hz, 1H), 7.33-7.73 (m, 20H); 13c NMR 
(CDCI3) o -3. 12, 12.20, 15.62, 2 1.25, 124.5, 127.7, 128.4, 128.7, 128.9, 130.1, 
133.5, 137.0, 138.6, 139.3. Found: C, 67.34; H, 6.17%. Calcd for c31H 34SiSn: C, 
50 
67.28; H, 6.19%. 
(E)-5-Di met h) lphenylsilyl-1-tribut)·lstanny1-2-pentene ((£ )-39c ) and 
(Z)-5-Dimethy1phenylsi1) 1-1-tributylstanny1-2-pentene ((Z)-39c): ProccJurc 8; 
LC rr=42 min ( (£)-39c) and 44 min ( (Z) -39c ). (E) -39c: Bp 150 oc (0. 15 Torr, 
bath temp); IR (neat) 3066,3006,2952,2920,2868,2850, 1654, 1648. 1459. 1427, 
1376, 1248, 1114, 1069, 957, 836, 771, 726, 697, 662 cm·l; I H NMR (CDCI3) b 
0.26 (s, 6H), 0.68-1.02 (m, 17H), 1.23-1.63 {m, 12H), 1.66 (d, 1=8.2 H7., 2H), 
1.92-2.04 {m, 2H), 5.25 (dt, 1= 15.0, 6.3 Hz, lH), 5.50 (dt, 1= 15.0, 8.2 H1, I H), 
7.33-7.38 (m, 3H), 7.49-7.55 (m, 2H); 13c NMR (CDCI3) o -2.99, 9.13, 13.74, 
13.98, 16.21, 26.82, 27.35, 29.15, 127.6, 127.7, 128.4, 128.7, 133.6, 139.6. Found: 
C, 60.60; H, 9.58%. Calcd for C2sH46SiSn: C, 60.85; H , 9.40%. (Z)-39c: Bp 119 
oc (0.13 Torr, bath temp); IR (neat) 3066, 3046, 3002, 2952, 2920, 2868, 2848, 
1637, 1459, 1388, 1376, 1248, 1114, 1071, 998, 900, 836, 817, 775, 727, 697, 663 
cm·1; 1H NMR (CDCI3) o 0.28 (s, 6H), 0.68-1.02 (m, 17H), 1.23-1.63 (m, l2H), 
1.66 (d, 1=9.1 Hz, 2H), 1.96-2.07 (m, 2H), 5.07 (dt, 1=10.6, 6.8 Hz, 1 H), 5.46 (dt, 
1=10.6, 9.1 Hz, 1H), 7.34-7.39 (m, 3H), 7.50-7.57 (m, 2H); 13c NMR (CDCI3) o 
-2.99, 9.30, 10.30, 13.73, 16.05, 21.03, 27.37, 29.16, 127.1, 127.2, 127.7, 128.8, 
133.6, 139.5. Found: C, 60.97; H, 9.62%. Calcd for C2sH46S1Sn: C, 60.85; H, 
9.40%. 
(E)-5-Dimethylpheny1si1y1-5-iodo-l-tridecafl uorohexy1-2-pentene ((E) -
39d) and (Z) -5-Dimethylphenylsilyl-5-iodo-1-tridecafluorohexy1-2-pentene 
((Z)-39d): Procedure C; GLPC Column A, 190 °C, tr=6.24 min ((E)-39d) and 
4.90 min ((Z)-39d). ( E )-39d: Bp 105 oc (1 Torr, bath temp); IR (neat) 3068, 
2998, 2956, 2922, 1654, 1428, 1362, 1334, 1240, 1205, 1145, 1115, 1071, 1028, 
968, 836, 815, 779, 734, 698, 651 cm-1; 1H NMR (CDCI3) o 0.48 (s, 6H), 2.39 
(ddd, 1=15.6, 10.6, 7.2 Hz, 1H), 2.54 (ddd,J=l5.6, 6.2, 4.1 HL, lH), 2.78 (td, 
1=18.6, 6.9 Hz, 2H), 3.24 (dd,1=10.6, 4.1 Hz, lH), 5.40 (dt, 1=15.2, 6.9 Hz, lH), 
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5.68 (ddd, 1= 15.2, 7.2, 6.2 Hz, !H), 7.37- 7.42 (m, 3H), 7.53-7.58 (m, 2H); Be 
NMR (CDCI3) o-4.39,- 2.59, 19.68, 34.60 (t, 1=22.5 Hz), 36.92, 118.6 (t, 1=4.1 
Hz), 128.0, 129.7, 134.1, 135.8, 138.4; 19F NMR (CDCI3) o- 81.34 (bs, 3F), 
-113.4--1 13.8 (m, 2F), - 122.4 (bs, 2F), -123.5 (bs, 4F), - 126.4--126.8 (m, 2F). 
Found: C, 35.23 ; H, 2.75o/c. Calcd for C 19H 1sf 13Sil: C, 35.20; H, 2.80%. (Z)-
39d: Bp 89 oc (1 Torr, bath temp); IR (neat) 2954, 2920, 2850, 1654, 1429, 1364, 
1346, 1315, 1239, 1204, 1144, 1115, 1067,837,814,782,733,698 cm·l; lH NMR 
(CDCI3) o 0.48 (s, 3H), 0.50 (s, 3H), 2.39 (ddd, 1=15.7, 10.4, 7.9 Hz, lH), 2.53 
(ddd, 1=1 5.7, 6.6, 4.1 Hz, I H), 2.68 (td, 1=19.0, 7.0 Hz, 2H), 3.22 (dd, 1=1 0.4, 
4.1 Hz, 1H), 5.52 (dt, 1= 10.5, 7.0 Hz, 1H), 5.80 (ddd, 1=10.5, 7.9, 6.6 Hz, 1 H), 
7.35-7.43 (m, 3H), 7.53-7.59 (m, 2H); Be NMR (CDCJ3) o -4.57, -2.62, 19.25, 
29.55 (t, 1=22.3 Hz), 31.62, 117.1 (t,1=4.0 Hz), 128.0, 129.7, 133.9, 135.6, 136.8. 
Found: C, 35. 14; H, 2.82%. CaJcd for C 19H 18F 13Sii: C, 35.20; H, 2.80%. 
(E)-5-Dimet hylphenylsilyl-4-methyl-1-phenylthio-2-pentene (( E)-40a): 
Procedure A; GLPC Column B, 210 °C, tr=8.82 min; Bp 143 oc (1 Torr, bath 
temp); IR (neat) 3064, 3004, 2952, 2918, 2896, 2864, 1584, 1480, 1450, 1438, 
1427, 1248, 1219, 1112, 1090, 1025,967,832,792, 735,698,689cm·1; 1H NMR 
(CDCI3) o 0.25 (s, 6H), 0.74 (dd, 1=14.6, 7.1 Hz, 1H), 0.83 (dd, 1=14.6, 7.1 Hz, 
1H), 0.90 (d, 1=6.7 Hz, 3H), 2.15-2.36 (m, 1H), 3.43 (d, 1=5.6 Hz, 2H), 5.33 (dt, 
1=15.0, 5.6 Hz, 1H), 5.42 (dd, 1=15.0, 6.0 Hz, lH), 7.12-7.37 (m, 8H), 7.45-7.52 
(m, 2H); 13c NMR (CDCI3) o -2.13, -2.01, 24.12, 32.98, 36.42, 121.7, 126.0, 
127.6, 1 28.6, 128.7, 129.9, 133.5, 136.2, 139.7, 142.3. Found: C, 73.44; H, 8.10%. 
Calcd for C2oH 26SiS: C, 73.56; H, 8.02%. 
(Z)-5-Dimethylphenylsilyl-4-methyl-1-phenylthio-2-pentene ( (Z)-40a): 
Procedure A; GLPC Column 8, 210 °C, rr=7.60 min; Bp 139 oc (1 Torr, bath 
temp); IR (neat) 3066, 3006, 2952, 2920, 2864, 1726, 1480, 1438, 1427, 1248, 
1113, 827, 793, 734, 689, 664 cm-1; 1 H NMR (CDCJ3) o 0.26 (s, 3H), 0.28 (s, 
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3H), 0.76 (dd, 1=14.7, 7.3 Hz, lH), 0.85 (d. 1=6.4 Hz. 3H), 0.86 (dd, 1= 14.7, 8.2 
Hz, 1H), 2.43-2.66 (m, 1H), 3.33 (dd, 1=13.4, 6.3 Hz, lH), 3.45 (dd, 1= 13.4, 7.1 
Hz, 1H), 5.27 (ddd, 1=10.6, 7.1, 6.3 Hz, JH), 5.34 (dd , 1=1 0.6, 7.4 H:~ , 1H), 
7.14-7.38 (m , 8H), 7.46-7.52 (m, 2H); 13c MR (CDCI3) o -2. 18, - 1.86, 24.61, 
24.83, 28.17, 31.33, 121.0, 126.1, 127.7, 128.7, 128.8, 129.8, 133.6, 136.4, 139.5, 
141.8. Found: C, 73.57; H, 8.16%. Calcd forC2oH26SiS: C, 73.56; H, 8.02%. 
(E)-5-Dimethylphenylsilyl-4-methyl-1-triphenylstannyl-2-pentene ((E)-
40b): Procedure B; LC lr=41 min; Bp 230 oc (0.17 Torr, bath temp) ; IR (neat) 
3060, 3044, 3010, 2952, 2894, 1480, 1429, 1247, 1113, 1074, 1022, 997, 962, 833, 
792,726, 697,657 cm·1; 1H NMR (CDC13) o 0.21 (s, 3H), 0.22 (s, 3H), 0.69 (dd, 
1=14.7, 7.3 Hz, 1 H), 0.78 (dd, 1=14.7, 7.1 Hz, 1 H), 0.84 (d, 1=6.7 Hz, 3H), 
2.10-2.31 (m, 1H), 2.31 (d, 1=7.9 Hz, 2H), 5.27 (dd, 1=15.1, 7.6 Hz, 1H), 5.54 (dt, 
1=15.1, 8.5 Hz, 1H), 7.31-7.50 (m, 20H); Be NMR (CDCJ3) o -2.15, -2.01, 
15.73, 24.37, 24.51, 33.17, 123.4, 127.6, 128.4, 128.6, 128.9, 133.5, 137.1, 137.2, 
138.7, 140.1. Found: C, 67.93; H, 6.44%. Calcd for C32H36SiSn: C, 67.74; H, 
6.39%. 
(E),( Z)-5-Dimethylphenylsilyl-4-methyl-1-triphenylstannyl-2-pentene 
((E)-40b:(Z )-40b = 73:27): Procedure B; LC lr=43 min for (Z)-40b; Bp 190 
oc (0.07 Torr, bath temp); IR (neat) 3060, 3044, 3010, 2952, 2918, 2896, 1481, 
1459, 1450, 1428, 1300, 1247, 1189, 1113, 1075, 1022, 997, 963, 833, 795, 725, 
696, 656 cm· 1; 1 H NMR (CDCJ 3) o 0.21 (s, 3H), 0.22 (s,3H), 0.63 (d, 1=6.6 Hz, 
0.81H), 0.70....().76 (rn, 2H), 0.84 (d, 1=6.7 Hz, 2.19H), 2.11-2.35 (m, 2.73H), 
2.45-2.61 (m, 0.27H), 5.03 (dd, 1=10.5, 9.6 Hz, 0.27H), 5.27 (dd, 1=15.1, 7.6 Hz, 
0.73H), 5.38-5.63 (m, IH including 5.54 (dt,1=15.1, 8.5 Hz)), 7.30-7.69 (m, 20H). 
Found: C, 67.62; H, 6.47%. CaJcd for C32H36SiSn: C, 67.74; H, 6.39%. 
(E),(Z ) -4-Methyl-1-phenylthio-5-trimethylsi lyl-2-pen tene ( (E)-41:(2)-
41 = 88:12): Procedure A; Bp 115 oc (1 Torr, bath lemp); IR (neat) 2950, 2920, 
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2891, 1585, 1480, 1452, 1439, 1415, 1294, 1248, 1219, I 120, 1090, 1068, 1025, 
%7, 855, 837, 783, 757, 736, 689, 664 cm-1 ~ 1 H NMR (CDCIJ) b 0.00 (s, 7.92H), 
0.02 (s, 1.08H), 0.47-0.67 (m, 2H), 0.93 (d, 1=7.0 H7, 0.36H), 0.97 (d, 1=6.7 Hz. 
2.64H), 2.19-2.39 (m, 0.88H), 2.54-2.66 (m, 0.12H), 3.52 (d, 1=5.8 HL., 1.76H), 
3.55 (dd, 1=13.0, 6.2 Ht, 0. 12H), 3.66 (dd, 1=13.0, 6.6 HL, 0. 12H), 5.34-5.55 (m, 
2H), 7.15-7.45 (m, 5H); 13c NMR (CDCI3) for (E )-41 o -0.65, 14.04, 15.05, 
33.09, 36.53, 121.4, 126.0, 128.6, 129.9, 136.3, 142.7. Found: C, 67.92; H, 9.10%. 
Calcd for C IsH 24SSi: C, 68.1 I; H, 9.15%. 
(E)-4,4-Dimethyl -1-phenylthio-5-trimethylsilyl-2-pentene ( 42a): 
Procedure A; GLPC Column 8, 170 °C, tr=6.29 min; 8p 105 oc (1 Torr, bath 
temp); IR (neat) 3056, 2950, 2876, 1584, 1480, 1458, 1438, 1418, 1379, 1361 , 
1247, 1092, 1025, 969, 856, 838, 761,736,688,668 cm-1; 1H NMR (CDCI3) o 
-0.02 (s,9H), 0.69 (s, 2H), 0.99 (s, 6H), 3.52 (d, 1=6.8 Hz, 2H), 5.35 (dt, 1=15.4, 
6.8 Hz, 1H), 5.56 (d, 1=15.4 Hz, 1H), 7.14-7.35 (m, 5H); 13c NMR (CDCI3) o 
0.80,30.37,32.66,35.77,36.96, 119.1,126.1, 128.7, 130.1, 136.3,146.4. Found: 
C, 68.74; H, 9.66fk. Calcd for C 16H26SiS: C, 69.00; H, 9.41 %. 
(E)-5-Methyl-1-phenylthio-4-trimethylsilyl-2-hexene (43a): Procedure B; 
GLPC Column B, 170 °C, tr=6.76 min; Bp 100 oc (1 Torr, bath temp); IR (neat) 
3056, 3014, 2952, 2890, 1585, 1480, 1465, 1438, 1419, 1383, 1364, 1248, 1220, 
1149, 1091 , 1072, 1025, 970, 859, 837, 761, 736, 688, 668 cm·1; 1 H NMR 
(CDCI3) o -0.08 (s , 9H), 0.82 (d, 1=6.8 Hz, 6H), 1.36 (dd, 1=10.3, 4.9 Hz, 1H), 
1.75-1.92 (m, 1H), 3.58 (d, 1=6.7 Hz, 2H), 5.31 (dt, 1=15.0, 6.7 Hz, 1H), 5.48 (dd, 
1=15.0, 10.3 Hz, 1H), 7.11-7.37 (m, 5H)~ 13c NMR (CDCI3) o- 1.81, 20.63, 
23.72, 28.34, 36.69, 41.25, 124.1, 125.8, 128.7, 129.5, 133.1, 140.2. Found: C, 
69.01; H, 9.37%. Calcd for C 16H26SiS: C, 69.00~ H, 9.41 %. 
(E)-4,4-Dimethyl-5-trimethylsilyl-1-triphenylstannyl-2-pentene ( 42b) : 
Procedure 8 ; J?r=0.47 (hcxane/AcOEt = 20/ 1); 8p 160 oc (0.10 Torr, bath temp); 
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IR(neat)3060,3046,3010, 2950,1481,1466,1460,1429, 1247,1075, 1022.997, 
966,858, 840, 761, 7'25, 697 cm·l ; 1 H NMR (CDCI3) o -0.05 (s, 9H}, 0.63 (s, :!H). 
0.93 (s, 6H), 2.37 (d, 1=7.0 HL., 2H), 5.42 (d, 1=15.4 Hz., I H), 5.53 (d t, 1=15 4. 
7.0 Hz, 1H), 7.33-7.48 (m, 9H), 7.52-7.73 (m, 6H); 13c NMR (COCI3) b 0.77, 
15.96, 30.59, 33.1 0, 35.68, 120.6, 128.4, 1 28.9, 137.1, 138.8, 141.1. Found: C, 
64.83; H, 7.14%. Calcd for C23H36SiSn: C, 64.75; H, 6.99%. 
(E)-5-Methyl-4-trimethylsilyl-1-triphenylstannyl-2-hexene ( 43b): 
Procedure B; Rf=0.42 (hcxane/AcOEt = 2011)~ Bp 165 oc (0.10 Torr, bath temp); 
IR (neat) 3060,3044,3008,2950,2894, 1481, 1460, 1428, 1300, 1258, 1247, 1075, 
1023,997,962,860,837,761,726, 697,657 cm-1; 1H NMR (CDCI3) o -0. 14 (s, 
9H), 0.75 (d, 1=6.7 Hz, 6H), 1.26 (dd, 1=10.3, 4.5 Hz, 1H), 1.69-1.85 (m, 1 H), 
2.45 (d, 1=7.6 Hz, 2H), 5.31 (dd, 1=15.2, 10.3 Hz, 1H), 5.50 (dt, 1= 15.2, 7.6 HL., 
1H), 7.33-7.48 (m, 9H), 7.52-7.73 (m, 6H); 13c NMR (CDCI3) o -1.73, 16.27, 
20.47, 23.70, 28.57, 41.13, 126.1, 127.0, 128.4, 128.9, 137.1, 138.7. Found: C, 
64.52; H, 7.04%. Calcd for C23H36SiSn: C, 64.75; H, 6.99%. 
(E)-5-I odo-4,4-di meth yl-1-tridecafluorohexyl-5-trimeth ylsi I y 1-2-pen tene 
(44): Procedure C; 8p 98 oc (1 Torr, bath temp); IR (neat) 2966, 1465, 1458, 
1430, 1387, 1364, 1240, 1206, 1144, 1121, 1096, 1070, 1026, 974, 840, 808, 765, 
746,729,698,653 cm-1; 1H NMR (CDCl3) o 0.22 (s, 9H), 1.26 (s, 3H), 1.27 (s, 
3H), 2.83 (td, 1=18.3, 6.8 Hz, 2H), 3.33 (s, 1H), 5.37 (dt, 1=15.6, 6.8 Hz., I H), 5.80 
(d, 1=15.6 Hz, lH); 13c NMR (CDC13) o 1.71, 28.17, 29.38, 34.80 (t, 1=22.5 
Hz), 40.49, 40.58, 113.7, 146.4. Found: C, 31.54; H, 3.29%. Calcd for 
C16H20F13Sil: C, 31.28; H, 3.28%. 
(E)-5-Methyl-1-tridecafluorohexyl-2,4-hexadiene (45): Procedure C; 8p 
86 oc (20 Torr, bath temp); 1R (neat) 3030, 2%8, 2918, 2858, 1663, 1648, 1431 , 
1381, 1364, 1345, 1240, 1199, 1145, 1121, 1069, 1044,986,959,894,866,845, 
808,778,744,728,706,697,652 cm·l; lH NMR (CDCI3) o 1.77 (s, 3H), 1.79 (s, 
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3H), 2.88 (ld, 1= 18.3, 7.6 H1 , 2H), 5.47 (dt, 1= 14 9, 7.6 Ht , I H), 5.86 (d, 1= 11 .0 
H7, I H), 6.46 (dd, 1=14.9, 11.0 HL, I H); 13c l\\1R (CDCI3) b 18.33, 25.97, 34.97 
(l, 1=22.4 H1), 116.0, 124.0, 133.9, 136.9. Found: C, 37.88; H, 2.69'K. Calcd for 
C 13H 11 F 13: C. 37.70; H. 2.689C. 
(E ),(Z)-5- Phenyl-1-phenylthio-4-trimethylsi lyl-2-pentene ((£ ) -46a: (Z)-
46a = 93:7): Proced ure A; Rp0.42 (hexane/AcOEt = 20/ 1); Bp 155 oc ( !Torr, 
bath temp); IR (neat) 3056,3022, 2950,2918,2850, 1584, 1495, 1480, 1453, 1438, 
1248, 1121, 1088, 1069, 1025,966,839,737,690, 665cm-1; lH NMR (CDCI3) o 
-0.08 (s, 8.37H), 0.04 (s, 0.63H), 1.83 (ddd, 1=10.8, 9.1, 4.0 Hz, 0.93H), 2.16 (ddd, 
1= 1 J .0, 7.0, 3.5 Hz, 0.07H), 2.49 (dd, 1=13.8, 11.0 Hz, 0.07H), 2.58 (dd, 1=14.3, 
10.8 Hz, 0.93H), 2.80 (dd, 1=14.3, 4.0 Hz, 0.93H), 2.89 (dd, 1=13.8, 3.5 Hz, 
0.07H), 3.27-3.30 (m, 0. 14H), 3.48 (d, 1=6.8 Hz, 1.86H), 5.22 (dt, 1=15.2, 6.8 Hz, 
0.93H), 5.30-5.47 (m, 0.14H), 5.47 (dd, 1=15.2, 9.1 Hz, 0.93H), 7.08-7.32 (m, 
lOH); 13c NMR (COCI3) for (E)-46a o -3.23 , 34.78, 34.98, 36.42, 1:!3.1, 1:!5.6, 
125.7, 128.0, 128.5, 128.7, 129.2, 135.0, 136.5, 142.2. Found: C, 73.36; H, 8.09%. 
Calcd for C2oH 26SiS: C, 73 . .56; H, 8.02%. 
(E),(Z)-4-Phenyl -1-phenylthio-S-trimethylsilyl-2-pentene ((E)-47a : (Z)-
47a = 66:34): Procedure A; Rp0.47 (hexane/AcOEt = 20/1); Bp 149 oc ( 1 Torr, 
bath temp); IR (neat) 3056,3022,2948,2898, 1584, 1491, 1480, 1453, 1438, 1413, 
1247, 1090, 1026, 967, 860, 837, 738, 698, 689, 664 cm-1; 1H NMR (CDCJ3) o 
-0.16 (s, 5.94H), -0.12 (s, 3.06H), 0.86 (dd, 1=14.6, 7.3 Hz, 0.34H), 0.97 (d, 1=7.8 
Hz, 1.32H), 1.06 (dd, 1=14.6, 7.9 Hz, 0.34H), 3.37 (td, 1=7.8, 7.3 Hz, 0.66H), 3.49 
(d, 1=6.7 Hz, 1.32H), 3.53-3.76 (m, 1.02H), 5.40 (dt, 1=10.7, 7.5 Hz, 0.34H), 5.48 
(dt, 1=15.1, 6.7 Hz, 0.66H), 5.68 (dd, 1= 15.1, 7.3 Hz, 0.66H), 5.70 (dd, 1= 10.7, 
9.0 Hz, 0.34H), 7.07-7.35 (m, IOH); Be NMR (COCI3) for (Z)-47a o -1.02, 1.01 , 
23.92, 25.67, 31.47, 36.53, 39.55, 44.52, 12:!.4, 123.2, 126.0, 126.1 , 127.1, 127.2, 
127.3, 128.3, 128.5, 128.7, 128.8, 129.8, 130.1, 136.0, 139.7, 140.4, 146.0; for 
56 
(E)-47a o -1.02, 23.92, 36.53, 44.52, 123.2, 126.0, 126. 1, 1:!7.1. 127.3. 128.3, 
128.7, 130. 1, 140.4, 146.0. Found: C, 73.65; H, 8.10%. Calcd for C2oH 26S1S· C. 
73.56; H. 8.02lit. 
(E),(Z)-5-Phenyl-4-trimethy1si lyl-1-triphenylstann) 1-2-pentene and 
(E),(Z)-4-phenyl-5-trimethylsi lyl-1-triphenylstan nyl-2-pent ene { {E )-46b: ( Z)-
46b:(E)-47b:(Z)-47b = 80.4: 11.3:5.3:3.0): Procedure 8; Bp 190 oc (0.11 Torr, 
bath temp); JR (neat) 3060,3044,3014,2948,2900,2850, 1494, 1481, 1453, 1429. 
1247, 1108, 1075, 1022, 997, 960, 859, 838, 748, 726, 697, 657 cm·1; I H NMR 
(CDCI3) o -0.23 (s, 0.270H), -0.19 (s, 0.477H), -0.13 (s, 7.236H), -0.08 (s, 
1.017H), 0.78 (dd, 1= 14.5, 6.8 Hz, 0.030H), 0.87 (dd, 1= 14.5, 7.3 Hz, 0.053H), 
0.96 (dd, 1=14.5, 8.2 Hz, 0.053H), 0.97 (dd, 1=14.5, 8.6 Hz, 0.030H), 1.72 (ddd, 
1=10.9, 7.9, 3.8 Hz, 0.804H), 2.13-2.54 (m, 3.030H), 2.74 (dd, 1= 14.0, 3.8 HL, 
0.917H), 3.25-3.36 (m, 0.053H), 3.60-3.72 (m, 0.030H), 5.10 (t, 1= 10.8 Hz, 
0.113H), 5.22-5.70 (m, 1.887H), 6.95-7.17 (m, 5H), 7.23-7.65 (m, ISH); 1 H NMR 
(CDCI3) for (E)-46b o -0.13 (s, 9H), 1.72 (ddd, 1=10.9, 7.9, 3.8 Hz, 1 H), 2.35 (d, 
1=6.9 Hz, 2H), 2.48 (dd, 1=14.0, 10.9 Hz, 1H), 2.74 (dd, 1=14.0, 3.8 Hz, 1H), 
5.28 (dd, 1=15.0, 7.9 Hz, 1 H). 5.37 (dt, 1=15.0, 6.9 Hz, 1 H), 6.95-7. 17 (m, 5H), 
7.23-7.65 (m, 15H); 13c NMR (COCI3) for (E)-46b o -3.12, 16.03, 35.03, 35.52, 
125.1, 125.3, 128.0, 128.4, 128.6, 128.8, 129.2, 137.1, 138.7, 142.6. Found: C, 
67.45; H, 6.51 %. Calcd for C32H36SiSn: C, 67.74; H, 6.39%. 
(E)-7-Phenylthio-4-tr·imethy1silyl-5-hepten-2-one (48a): Procedure A; Bp 
102 oc (1 Torr, bath temp); lR (neat) 3056,3016,2950, 1709, 1654, 1648, 1584, 
1480, 1438, 141 9, 1356, 1249, 1171, 1118, 1090, 1025, 967, 841, 739, 689, 664 
cm-1; lH NMR (CDCI3) o -0.13 (s, 9H), 1.99 (ddd, 1=9.5, 8.0, 5.0 Hz, JH), 2.03 
(s, 3H), 2.33 (dd, 1= 16.0, 5.0 Hz, 1 H), 2.43 (dd, 1=16.0, 9.5 Hz, 1 H), 3.50 {d, 
1=6.5 Hz, 2H), 5.28 (dt, 1=15.4, 6.5 Hz, 1H), 5.43 (dd, 1=15.4, 8.0 Hz, 1H), 
7.09-7.31 (m, 5H); Be NMR (COCJ3) o -3.44, 28.47, 29.73 , 36.38, 43.02, 123.1 , 
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125.9, 128.8, 129.5, 133.9, 136.0, 208.7. Found: C, 65.90; H, 8.43%. Calcd for 
C16H240S1S: C, 65.70; H, 8.27%. 
(£)-4-Trimethylsilyl-7 -triphenylstannyl-5-hepten-2-one ( 48b ): Procedure 
B; Bp 195 oc (0. 15 Torr, bath temp); IR (neat) 3060, 3044, 3008, 2950, 1710, 
1481 , 1429, 1356, 1248, 1075, 997, 961, 909, 864, 838, 727 cm-l; I H NMR 
(COCI3) o -0.18 (s, 9H), 1.93 (ddd,1=8.8, 8.4, 6.6 Hz, lH), 1.94 (s, 3H), 2.27 (dd, 
1=16.2, 6.6 Hz, 1H), 2.37 (dd,1=16.2, 8.4 Hz, 1H), 2.39 (d, 1=7.7 Hz, 2H), 5.26 
(dd, 1= 15.1, 8.8 Hz, 1H), 5.51 (dd, 1=15.1, 7.7 Hz, 1H), 7.33-7.78 (m, 15H); 13c 
NMR (CDCI3) b -3.40, 16.14, 28.54, 29.59, 43.47, 125.3, 128.0, 128.4, 128.9, 
137.0, 138.5, 209.3. Found: C, 62.90; H, 6.49%. Calcd for C28H340SiSn: C, 
63.05; H, 6.43%. 
(E),(Z)-1-Phenylthio-5-tributylstannyl-2-pentene ((£)-49:(Z)-49 = 92: 
8): Procedure A; Bp 150 oc (1 Torr, bath temp); JR (neat) 3056,3016, 2952, 2920, 
2868, 2848, 1585, 1480, 1458, 1438, 1418, 1375, 1070, 1025, 962, 735, 687 em -1; 
I H NMR (CDCI3) o 0.63-0.96 (m, 17H), 1.20-1.58 (m, 12H), 2.00-2. 11 (m, 
0.16H), 2.12-2.23 (m, 1.84H), 3.52 (d. 1=6.0 Hz, 1.84H), 3.56 (d, 1=7.1 Hz, 
0. 16H), 5.40--5.70 (m, 2H including 5.48 (dt, 1=15.2, 6.5 Hz), 5.62 (dt, 1=15.2, 6.0 
Hz)), 7.13-7.41 (m, SH); 13c NMR (CDCI3) for (E)-isomer o 8.20, 8.84, 13.74, 
27.39, 29.22, 29.54, 36.41, 123.3, 125.9, 128.7, 129.6, 136.4, 137.8. Found: C, 
59.10; H, 8.55%. Calcd for C23H40SSn: C, 59.11; H, 8.63%. 
(E),(Z) -4-Methyl -1-pheny1thio-5-tributylstannyl-2-pentene ((E)-50: (Z)-
50 = 92.5:7.5): Procedure A; Bp 158 oc (1 Torr, bath temp); 1R (neat) 3056, 
2952, 2920, 2868, 2850, 1585, 1479, 1458, 1438, 1419, 1375, 1341, 1292, 1220, 
1113, 1089, 1070, 1025, 1001,964,873,735,688, 668cm -1; lH NMR (CDCI3) o 
0.62-0.98 (m, 20H), 1.20-1.58 {m, 12H), 2.26-2.48 (m, lH), 3.49 (d, 1=5.7 Hz, 
1.85H), 3.51 (dd, 1=13.0, 6.2 Hz, 0.075H), 3.62 (dd, 1=13.0, 6.5 Hz, 0.075H), 
5.31-5.37 (m, 0.15H), 5.39 (dt, 1=15.1, 5.7 Hz, 0.925H), 5.48 (dt, 1=15.1, 6.0 Hz, 
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0.925H), 7.13-7.38 (m. 5H); 13c NMR (COCI3) for (E)-50 o 9.40, 13.74. 18.22, 
24.40, 27.45, 29.23, 34.96, 36.60, 121.4. 126.0, 128.7, 130.0, 136.3, 142 9. Found: 
C, 59.68; H, 8.66'7c. Calcd for C2~42SSn: C, 59.88; H, 8.79%. 
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T riethylborane Induced Pernuoroalkylat ion of Silyl Enola tes 
and Ketene Silyl Acetals with Perfluoroalkyl Iodides 
Reaction of perfluoroalkyl iodides with silyl enolates mediated by Et3B in the 
presence of base such as 2,6-dimethylpyridine pro\'ides mixtures of perfluoro-
alkylated trialkylsilyl enolates and a-perOuoroalkylated ketones. The yield and 
distribution of the products hea\'ily depend on the nature of base employed. 
Treatment of a reaction mixture consisting of perOuoroalkylated silyl enolates and 
a-perfluoroalkylated ketone with coned HCI in THF gives a-perOuoroalkylated 
ketone as a single product. Reaction of ketene silyl acetals with perfluoroalkyl 
iodides in the absence of base affords a-perOuoroalkylated esters in excellent 
yields. 
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Recently, much attention has been paid to a method of introducing a 
perfluoroalk) I cha1n to a carbonyl compound and sc\ eral reports ha' e appeared in 
the literature. I> The methods, ho\\ ever, ha\'e some dra" backs and there 1s sull a 
need for a nev. method preparing pernuoroalkylated compounds from carbon~ I 
compounds such as aldehydes, ketones, and esters. Previously we ha' e reported 
that Et3B 1nduced the successful addition of pernuoroal kyl iodides (Rfl) to 
acetylenes and olefins (eq 1).2) Here we report further exploitation of this method 
to ( 1) the reaction of Rfl with trialkylsilyl enolates providing pernuoroalkylated 
si lyl enolates3) and (2) the reaction of Rfl with ketene silyl acetals affording 
peril uoroalkylated esters. 
(1) 
(1} The r eaction of perfluoroalkyl iodides with trialkylsilyl enola tes. 
Treatment of a hexane solution of 1-trimethylsiloxy-1-cyclohexene (1 ) and II-
C6F 131 \\'ith a catalytic amount of Et3B4) i n the presence of base such as 2,6-
dimcthylpyridine gave a mixture of perfluoroalkylated silyl enolate 2a, 3a and 2-
(perlluorohexyl)cyclohexanone (4a) Id) in 76% combined yield (2a+ 3al4a = 86/14, 
eq 2). 
OSIMe3 6 R11- Et3B MeN Me 
1 
Q , Hexane, r.t . 
- At= n-C6F13 
(2) 
The distri bution of the products hea,·iJy depends on the nature of base 
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employed. The base and the yields of 2a+3a (ratio of 2a/3a) and 4a 1n the rcacuon 
bet,\ een 1-trimeth)lsllo-xy-l-c)clohexcne ( l )andii-C6FJ31 arc g1'cn beJo,,: 
Et3N, 47 (59/41), 26; 2,2,6,6-tctramethylpipendlne, 63 (68/32), II; (~1c3S1)2NH, 
24 (0/100), 44; p)ndme, 0, 20; i-Pr2NEt, 12 (65/35), 29. The amount of base alc.;o 
affected the distnbuuon of the products (eq 3). The presence of c:\cess base (2,6-
dimethylpyridine, 3.0 mmol per 1.0 mmol of silyl enolate) caused the fom1at1on of 
2-(perlluorohexylidene)cyclohcxanone (5) in 6% yield along with 2a+3a (49%) and 
4a (23%). The usc of slightly deficient amount of 2,6-dimcthylpyridine suppressed 
the formation of 5. The representative results using 2,6-dimethylpyridine (0.95 
mmol per 1.0 mmol of silyl enolate) as a base are summarized in Table I. 
F 0 
Et3B n-CsFn~ 1 + n-C6F13I l! and 3a + !! + (3) 
1.0 mmol Me~ Me I • 
/. § 
3.0 mmol 49% 23% 6% 
1.0 mmol 59% 19% 0% 
0.95 mmol 65% 11% 0% 
The use of triisopropylsilyl enolate 6 instead of trimethylsilyl cnolatc 1 gave 
better yields of pcrlluoroalkylated silyl enolates 7 and 8 with less contamination by 
2-(perfluoroal kyl)cyclohexanones 4 (Entri es 3 and 4). Treatment of 1-trimethyl -
siloxy-1-cyclopcntene (9) wi th n-C6F13I gave a mixture of 5-(pernuorohcxyl)- 1-
trimethylsiloxy-1-cyclopcntene ( 10), 2-(perfluorohexyl)cyclopentanonc (11), and 2-
(perlluorohexylidene)cyclopentanone ( 12) in 35%, 26%, and 3% yield, respectively. 
2-(Perfluorohexyl)-l- trimethylsi loxy-1-cyclopentene was not detected in the 
reaction mixture. The reaction proceeded with acyclic silyl enolate as ""'ell as cyclic 
silyl enolate. In the case of silyl enolate 13 or 16, derived from acyclic ketone such 
as 4-heptanone or 2-heptanone, 5-(perfluoroaJkyl)-4-trimethylsiloxy-3-hcptcnes 14 
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Table 1. Rcact1on of Sll) I Enolate with Pernuoroalkyl Iodidea) 
Ent!) Sdyl Enolatc Product. Yield I%(£ I Z) 
1 (R = Me) n-C6F13I 2a:44 3a:21 4a: 11 
























8b: 25 4b:<2 
OSiMe3 0 F 0 
R,'6 Rt'D ~c5F 1 1~ 




11-C6F13I 14a: 71 (60140) 15a: 16 
i-C3F7l 14b: 66 (70/30) lSb: <2 
OSIMe3 0 R1~R1~ 
n-C6F13I 17a: 54 (28172) 
i-C3F71 17b: 56 (33167) 
18a:24 
18b: 15 
21 : 46 (71129 
or 29171) 
a) Silyl enolate (2.0 mmol), Rri (2.6 mmol), 2,6-dimethylpyridine (1.9 mmol), and 
Et3B (0.40 mmol) were employed. 
66 
or 1-(pcrfl uoroalkyl)-2-tn met h) lsilo:xy-2-heptenes 1 7 ''as obtai ned as a s1 nglc 
regioisomer as the reactiOn of 1-trimethylsllo:xy-1-cyclopentcnc (9). The other 
isomeric stlyl enolatc 3-(pcrnuoroalkyl)-4-trimeth) lsll0\.)-3-hcptcnc or 1-
(perfluoroalkyl)-2-tnmethylslloxy-1-heptene) "as not obscn ed 1 n the reaction 
mixture. ReactiOn of stlyl enol ate 19 deri' ed from heptanal afforded a ml'\turc of 2-
(perfluorohexyl)-1-tnisoprOp) lsiloxy-1-heptene (20) and 2-(pernuorohc\) hdenc)-
heptanal ( 21). 
Treatment of the reaction mixture consisting of 2a, 3a, and 4a wtth coned HCI 
in THF at room temperature for 10 min afforded 2-(perfluoroalkyl)cyclohe:\anone 
4a as a single product in 74% overall yield. The yields of pcrnuoroalkylatcd 
carbonyl compounds after acidic workup were 78%, 73%, and 56% for the reaction 
described in Entries 6, 8, and 9. 




























TriOuoromethylated organic compounds are of importance from the btological 
point of view.5) Thus, we focussed our attention on trifluoromethylation of 
carbonyl compounds and examined the reactions of silyl enolate wtth CF)I or 
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CF3CH 2I (Table 2). Treatment of terminal silyl enol ate 22 with excess Cf31 or 
CF3CH2l ga\e 1,1,1-trifluoro-3-dodecanone ( 23a) or 1,1,1-trifluoro-4-tridecanone 
(23b ) in 64% or 79% yield, respecti,·cly after quenching the reaction mixture by 
coned HCI. Meanwhile, the reaction of internal silyl enolate such as 24 \\'ith CF3I 
or CF3CH2I gave the corresponding trifluoro ketone 2Sa or 2Sb in poor yield. 
Reaction of 26 prepared from cyclopropyl methyl ketone with Rfl fo llowed 
by treatment with coned HCl provided the corresponding 5-iodo-1-(perfluoroalkyl)-
2-pentanoncs under cleavage of cyclopropane ring. 6) The reaction proceeded 
without base such as 2,6-dimethylpyridine. The intermediary silyl enolate 27b was 
isolated in the reaction of 26 with i-C3F7I in 85% yield (eq 4). 
[ 
OSIMea l Rt~l 
27a-£ 
a: R1 = ~C6F13 
b: R1 = i-C3F7 
c: R1 = CF3 
r.t., 20 min 
r.t., 20 min 





Thus, a new method proYided us with a synthetic tool for the preparation of a 
newly functionalized trimethylsilyl enolate as well as a-perfluoroalkyl ketones.?) 
We are tempted to assume following reaction mechanism for the formation of 
perfluoroalkylated silyl enolates (eq 5): (1) Perfluoroalkyl radical, generated by the 
action of ethyl radical on Rfl, adds to silyl enolate to give a radical A , (2) the radical 
A abstracts iodine from Rfl to give the adduct B and regenerates perfluoroalkyl 
radical (Rr-) . and (3) the coexisting base causes the el imination of HI to give a 
mixture of two perfluoroalkylated silyl enolate ( 2 and 3 ). The regioselective 
formation of B would be attributed to the electrophilic attack of reactive Rr radical 
on the electron-rich carbon of silyl enolate. 
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Rt'CSMe, DSIMe3 Mere; Me R,· R11 R, I • / 
1 ..... .... ~ + 3 (5) 
- R,· 
A !! 
(2) The reaction of pernuoroalkyl iodides with ketene silyl aceta ls . 
Reaction of ketene silyl acetals with Rfl also proceeded easily in the presence of 
&38 catalyst to give a-perfluoroalkylated esters in excellent yields. Exposure of 
ketene silyl acetal 29 (1.0 mmol) to n-C6F13I (1.3 mmol) in the presence of 2,6-
dimethylpyridine (0.95 mmol) provided butyl 2-(perfluorohexyl)acetate (30a, 37%) 
along with butyl 2-(perfluorohexylidene)acetate (31 , 10%). In contrast, treatment of 
29 (2.0 mmol) with n-C6F13l (1.0 mmol) in the absence of 2,6-dimethylpyridine in 




with 2,6-dimethylpyridine 37% 




The yields of 30a depend on the molar ratio of ketene silyl acetal and R fl 
employed. The yields of 30a in the reaction of 34 (x mmol) with n-C 6F 13l (1.0 
mmol) in the presence of catalytic amount of Et3B (0.2 mmol) are as follows: 34 
(2.0 mmol), 96%; 34 (1.5 mmol), 93%; 34 (1.2 mmol), 89%. Slight excess ( 1.2 
equiv) of ketene silyl acetal was enough for the successful reaction. However, the 
reactions were performed using 2.0 equiv of ketene si lyl acetals to obtain better 
yields and the results are summarized in Table 3. 
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Table 3. Reaction of Ketene Silyl Acetal with Perfluoroalkyllodide3 ) 

















































n-C4H9CH{R1)C00Me 37a: 83 
37 37b: 40 
2rP) 39a: 88 
12(j:J) n-C6H13CH{R1)C00Me 39b: 66 
12rP) 39 39c: 32 
4 h 4la: 63 
16 h R,C(CHJ)2COO-n-C6H13 4lb: 27 
J2h 41 41c: 22 
a) Ketene silyl acetal (2.0 mmol), Rrl (J .0 mmol), and Et3B (0.2 mmol) were 
employed. b) TBAF was added prior to work-up. See experimental part. 
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Not only n-C6F 131, i-C3F7I but also CF3I7) or CF3CH2l reacted easily to 
gi\'e the corresponding pcrfluoroalkylated esters in good yields. Perfluoroal~~ Ia ted 
ketene si lyl acetal could not be detected. Trimethylsilyl acetal (34 or 35) reacted 
equally as t-butyldimethylsilyl acetal (29 or 32) to gi,·e the same pcrfluoroal~) latcd 
ester upon treatment with Rfl. 
Alkyl group substituted ketene silyl acetals (36, 38 , and 40) were prepared 
and their behavior toward Rfl were examined. Whereas the aeetals 36 and 38 easily 
reacted with Rfl to provide the corresponding perfluoroal kylated esters in good 
yields, the acetal 40 reacted slowly because of its steric hindrance to give ester 41 1n 
poor yields. 
Treatment of ke tene s ilyl acetal 42 with n - C6F 131 afforded a cycl ized 
product 43 (10%) along with perfluoroalkylated ester 44 (50%) (eq 7). The 
formation of 43 suggests an intermediacy of carbon radical bearing OR and OSiMe3 
groups. The result also shows that C-C double bond of ketene sllyl acetal is much 
more reactive than that of simple olefin. 
OSiMea O 
Et3B R01 R,l .. t o + Rt~o~ (7) 
R, = c6F13 Hexane ..... 
r.t., 20 min 
OSIMea 
=< + 0~ 
42 ~ 10% 44 50% 
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Experimental 
Preparation of SilyJ Enolates. Tri methylsi I yl enolates I , 9 , 13, 16, 22, 
and 24 were prepared by the reported procedure. 8-11) Triisopropylsilyl enolatc 6 
and 19 \\Crc prepared according to the Corey's method. 12) 1-Trimethylsiloxy-1-
cyclopropylc thylene was obtained following the reported procedure.l3) The 
physical data are shown below for the silyl enolates whose physical data ha,·e not 
been described in the literature. 
1-Triisopropylsiloxy-1-cyclohexene (6): Bp 91-% oc (1 Torr, bath temp); 
IR (neat) 2936,2892, 2864, 1670, 1465, 1367, 1195,885,826,680 cm-1; lH NMR 
(CDCI3) 6 1.02-1.23 (m, 21H), 1.45-1.57 (m, 2H), 1.60-1.72 (m, 2H), 1.95-2.10 
(m, 4H), 4.89 (t,J=3.7 Hz, lH); 13c NMR (CDCJ3) o 12.66, 17.98, 22.38, 23.27, 
23.87, 29.92, 103.6, 150.6; MS (70 eV) m/z (rei intensity) 254 (M+, 11), 211 
(100), 183 (26), 141 (18), 81 (20), 75 (48), 61 (36), 59 (28), 41 (20). Found: C, 
70 . .54; H, 12.02%. Calcd for C 15H3oOSi: C, 70.80; H, 11.88%. 
(Z)-1-Triisopropylsiloxy-1-heptene (19): Bp 81-86 oc (1 Torr, bath temp); 
IR(neat)2926,2864, 1655,1465,1256,1135,1092, 1069,882,683,662cm-1; 1H 
NMR (CDCI3) 6 0.88 (t, J=6.5 Hz, 3H), 1.03-1.20 (m, 21H), 1.22- 1.42 (m, 6H), 
2.04-2.15 (m, 2H), 4.39 (td,J=7.2, 5.8 Hz, 1H), 6.27 (dt, 1=5.8, 1.5 Hz, 1H); 13c 
NMR (CDCl3) 6 11.98, 14.10, 17.74, 22.57, 23.54, 29.39, 31.63, 110.0, 138.9; MS 
(70 eV) m/;. (rei intensity) 270 (M+, 2), 228 (20), 227 (100), 103 (21), 75 (24), 61 
(15), 59 (29). Found: C, 70.94; H, 12.85%. Calcd for C16H340Si: C, 71.04; H , 
12.67%. 
2-Trimethylsiloxy- l-undecene (22). This compound was prepared from 
2-undecanone in 79% yield along with 2-trimethylsiloxy-2-undecene (9317): Bp 
85-86 oc (1 Torr); IR (neat) 2954, 2924,2852, 1654, 1637, 1252, 1013, 845 cm-1; 
1H NMR (CDCI3) o 0.20 (s, 9H), 0.88 (t, J=6.4 Hz, 3H), 1.20-1.53 (m, 14H), 2.01 
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(t, J=7.3 Hz, 2H), 4.04 (s, 2H); Be NMR (CDCI3) o 0. 15, 14.11, 22.70, 26.89, 
29.15, 29.35, 29.52, 29.60, 31.93, 36.53, 89.75, 159.7; MS (70 cV) 111 !;. (rei 
intensity) 242 (M+, 4), 144 (14), 143 (100), 130 (70), 115 (40), 75 (52), 73 (97), 43 
(18), 41 (21). Found: C, 69.57; H, 12.72%. Calcd for C 14H3oOSi: C, 69.35; H, 
12.47%. 
(E) and (Z)-6-Trimethylsi loxy-5-undecene (24, (E):(Z) = 69:31). 
The title compound \vas prepared from 6-undecanone in 82% yield: Bp 75-78 oc 
(1 Torr); IR (neat) 2956,2926,2858, 1664, 1251, 1177, 1100, 888, 842 cm·l; 1H 
NMR (CDCI3) 6 0.17 (s, 9H), 0.89 (t, 1=6.5 Hz, 6H), 1.23-1.52 (m, lOH), 
1.87-2.07 (m, 4H), 4.44 (t, 1=6.8 Hz, 0.31H), 4.60 (t, 1=7.6 Hz, 0.69H); 13c 
NMR (CDCI3) 6 0.37, 0.62, 14.03, 22.25, 22.58, 25.07, 26.57, 26.78, 31.13, 31.47, 
31.56, 32.18, 32.96, 36.63, 107.8 (£), 108.4 (Z), 150.2 (Z), 151.4 (£); MS (70 
ev) m /z (rei intensity) 243 (M+ +1, 3), 242 (M+, 14), 227 (9), 200 (18), 199 (100), 
171 (9), 143 (14), 130 (23), 73 (15), 69 (10). Found: C, 69.09; H, 12.66%. Calcd 
for C 14H3oOSi: C, 69.35; H, 12.47%. 
The Reaction of Silyl Enolate with Perfluorohexyl or Perfluoroisopropyl 
Iodide in the Presence of Base (Procedure A). Perfluoroalkylation of 
cyclohexanone trimethylsilyl enol ate is representative. Et3 B 4) ( l.O M hexane 
solution, 0.4 ml, 0.4 mmol) was added to a solution of 1-trimethylsiloxy-1-
cyclohexene 1 (0.34 g, 2.0 mmol), n-C6F13I (1.19 g, 2.6 mmol), and 2,6-dimethyl-
pyridine (0.20 g, 1.9 mmol) in hexane (5 ml) at room temperature. After stirring for 
8 h, resulting precipitate was filtered through Celite 545. The filtrate was 
concentrated in vacuo. The residual oil was submitted to si lica-gel column 
chromatography to give perfluoroalkylated silyl enolate (2a and 3a , 0.64 g, 65% 
yield, 2a/3a = 68/32) and 2-(perfluorohexyl)cyclohexanone ( 4a, 14) 92 mg, 11% 
yield). Procedure A': Treatment of the reaction mixture consisting of 2a, 3a, and 4a 
with acid afforded 2-(perfluoroalkyl)cydohexanone (4a) as a single product. Thus, 
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the res1dual oil after concentration of the filtrate was treated with coned aqueous 
HCI (35 \\t%, 1 ml) m THF (5 ml) for 10 min. Reaction mixture was slowly poured 
into saturated aqueous NaHC03 (40 ml) and extracted \\'lth AcOEt (30 ml x ~).15) 
The comb1ncd orgamc layer was dried over anhydrous Na~S04 and concentrated in 
vacuo. Punficallon by sil1ca-gel column chromatography ga' e only 4a in 74% 
yield. 
6-Perfluor ohexy l-1-trimethy lsiloxy-1-cyclohexene (2a) : Bp 68-71 oc (1 
Torr, bath temp); IR (neat) 2958, 1669, 13~4. 1239, 1~03, 1146, 11~0. 913, 846, 
694, 660 em -I; I H NMR (CDCI3) o 0.20 (s, 9H), 1.48-1.88 (m, 3H), 1.96-2.16 
(m, 3H), 2.95 (tm, 1=15.6 Hz, lH), 5.11 (t, 1=4.1 Hz, 1 H); 13c NMR (CDCI3) o 
-O.JO, 18.82, 23.18 (two peaks), 41.77 (t, 1=20.4 Hz), 108.6, 144.1, Be-Signals of 
pernuorohexyl group could not be observed for all pernuorohexyl compounds; 19F 
NMR (CDCI3) o -81.39 (t,1=9.8 Hz, 3F), -108.1 (dm, 1=284 Hz, 1F), -113.8 (dm, 
1=~ Hz, IF), -121.2 (bs, 2F),-122.2(bs, 2F),-123.2 (bs, 2F), -126.4--126.8 (m, 
2F); MS (70 eV) m/: (rei intensity) 488 (M+, 10), 169 (14), 133 (12), 77 (61), 75 
(6), 74 (8), 73 (100), 69 (27), 55 (1 9), 45 (11), 41 (17). Found: C, 37.17; H, 3.49%. 
Calcd for C t.sH 17F 130Si: C, 36.89; H, 3.51 %. 
2-Perfluor ohexyl-1-trimethylsiloxy-1-cyclohexene (3a) : Bp 68-72 oc (1 
Torr, bath temp); lR (neat) 2944, 1661, 1375, 1292, 1238, 1204, 1145, 1119, 1074, 
1065,933,861,848,704 cm·1; 1H NMR (CDCI3) o 0.20 (s. 9H), 1.55-1.75 (m, 
4H), 2.14-2.19 (m, 4H); 13c NMR (CDC13) o 0.50, 22.10, 22.45, 23.51 (t, 1=5.0 
Hz), 13 31.38, 117.1 (t,J=32.7 Hz), 155.8 (t, 1=5.5 Hz); 19F NMR (CDCI3) o 
-81.39 (tt, 1=9.7, 3.6 Hz, 3F), -108.5 (t, 1=14.0 Hz, 2F), -122.1- -123.2 (m, 6F), 
-1~6.4- -1 ~6.8 (m, ~F); MS (70 eV) m/: (rei intensi ty) 488 (M+, 7), 2~0 (15), 
219 (92), 169 (7), 77 (46), 74 (9), 73 (100), 69 (9), 45 (11), 41 (19). Found: C, 
37.15; H, 3.56%. CaJcd for C 15H17F 130Si: C, 36.89; H, 3.51%. 
2-(Perfluorohexy lidene)cyclohexanone (5): Bp 78-83 oc (7 Torr, bath 
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temp); IR (neat) 1722, 1228, 1~04. 1164, 1144,724 cm-1; 1H NMR (CDCI3) o 
1.81-2.05 (m, 4H), 2.54-~.73 (m, 4H); 13c NMR (CDCI3) o 25.01. 25.44, 27.45. 
43.35, 129.2 (d, 1=6.0 H1), 198.5; 19-f NMR (CDCI3) b -8 1.~8 (ll, 1=9.8, 3.0 Hz. 
3F), -114.1-- 114.6 (m, 2F), -121.1 (bs, 1 F), -123.3 (bs, 2F), - 124.1 (bs, ~F), 
-126.4--1~6.7 {m, ~F); MS (12 eV) m/: (rei intensll)) 396 (M+. 7), 369 (10), 
368 (77), 150 (8), 149 (100), 127 (21), 99 (99), 67 (36), 41 (18). Found: C, 36.51; 
H, 2.09%. Ca1cd for C 12H 3F 120: C, 36.38; H, 2.04%. 
6-Pertluor oisopr opyl-1-trimethy lsiloxy-1-cyclohexene (2b): Bp 50-53 oc 
(1 Torr, bath temp); IR (neat) 2960, 1664, 1287, 1255, 1219, 1159, I 118, 1099, 
985, 964, 936, 902, 846 cm·1; 1H NMR (CDCI3) o 0.18 (s, 9H), 1.33-1.55 (m, 
lH), 1.65-2.10 (m, 5H), 3.03-3.22 (m, lH), 5.03 (t, 1=4.4 Hz, 1 H); l3c NMR 
(CDCI3) o -0.15, 20.92, 23.34, 23.56 (d, 1=10.6 Hz), 41.08 (d, 1=18.9 Hz). 93.92 
(dm, 1=205 Hz), 107.3, 121.2 (qd, 1=289, 29.3 Hz), 145.2; 19F NMR(CDCI3) o 
-72.99 (d, 1=4.9 Hz, 6F), -173.4--173.9 (m, lF); MS (70 eV) ml:. (rei mten~lt)) 
338 (M+. 19), 169 (27), 77 (64), 73 (100), 55 (11), 45 (14), 41 (14). Found: C. 
42.76; H, 5.23%. Calcd for C 12H 17F70Si: C, 42.60; H, 5.06%. 
2-Perfluor oisopropyl-1-trimethylsiloxy- 1-cyclohexene (3b): Bp 50-55 oc 
(1 Torr, bath temp); IR (neat) 2942, 1669, 1369, 1~99. 1272, 1259, 1217, 1172, 
1144, 1065,967,956,899,848 cm-1; 1H NMR (CDCI3) o 0.19 (s, 9H), 1.55-1.76 
(m, 4H), 2.10-2.21 (m, 4H); 13c NMR (CDC13) o 0.89, 22.30 (d, 1=3.7 Hz), 
22.39, 23.67 (d, 1=10.7 Hz), 31.35, 93.21 (dm,1=197 Hz), 101.5 (d. 1=22.8 Hz), 
121.3 (qd, 1=288, 253.7 Hz), 153.1 (d. 1=6.0 Hz); 19F NMR (CDCI3) o -74.68 (d, 
1=6.1 Hz, 6F), -177.1 (sep, 1=6.1 Hz, IF); MS (70 eV) m lz (rei intensity) 338 
(M+, 17), 269 (ll), 177 (10), 169 (27), 149 (13), 77 (50), 73 (100), 65 (10), 45 (16), 
41 (24). Found: C, 42.49; H, 5.14%. CaJcd for C 12H 17F70Si: C, 42.60; H, 5.06%. 
2-(Pertluoroisopropy l)cyclohexanone (4b): Bp 82-87 oc (36 Torr, bath 
temp); IR (neat) 1733, 1292, 1274, 1224, 1161, 1134, 1109, 1098, 972 cm-1; 1 H 
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NMR (CDCJ3) o 1.60-2.15 (m, 5H), 2.30-2.60 (m, 3H), 3.16-3.30 (m, lH); 13c 
NMR (CDCI3) o 24.61, 27.41, 28.45, 42.74, 51.95 (d, 1=20.1 Hz), 92.61 (dm, 
1=207 Hz), 120.9 (qd, 1=288, 27.4 Hz), 202.9 (d, 1=4.8 Hz); 19F NMR (CDCI3) 
o -72.85--73.54 (m, 6F), -178.3--178.9 {m, JF); MS (70 eV) ml~ (rei intensity) 
+ 266 (M . 71), 238 (11), 237 ( 16), 141 ( 15), 127 (13), 77 ( 10), 69 (J 8), 55 (100), 42 
(20), 41 (14). Found: C, 40.90; H, 3.33%. Calcd for C9H9F70 C, 40.61; H, 
3.41%. 
6-Perfluorohexyl-1-triisopropylsiloxy-1-cyclohexene (7a): Bp 100-105 °( 
( 1 Torr, bath temp); IR (neat) 2946, 2894, 2868, 1668, 1466, 1239, 1200, 1145, 
l 119,883,688,660 cm-1; lH NMR (CDCI3) o 1.01-1.26 (m, 21H), 1.55-1.83 (m, 
2H), 2.00-2. 18 (m, 4H), 2.85-3.10 (m, lH), 5.08 (t, 1=4.0 Hz, lH); 13c NMR 
(CDCI3) o 12.75, 17.90 (d, 1=3.9 Hz), 18.46, 23.08, 23.31, 41.54 (dd, 1=21.0, 18.9 
Hz), 107.2, 144.3 (t, 1=2.7 Hz); 19p NMR (CDCI3) o -81.29 (t, 1=9.8 Hz, 3F), 
-107.6 (d, 1=271 Hz, lF), -113.5 (d, 1=271 Hz, IF), -121.4 (bs, 2F), -122.3 (bs, 
2F), - 123.2 (bs, 2F), -126.6 (bs, 2F); MS (70 eY) m/z (rei intensity) 572 (M+, 2), 
529 (30), 349 (17), 105 (50), 77 (100), 63 (13), 59 (13), 43 (34), 41 (17). Found: C, 
44.22; H, 5.02%. Calcd for C21 H29f 130Si: C, 44.06; H, 5.11 %. 
2-Perfluorohexyl-1-triisopropylsiloxy-1-cyclohexene (8a): B p 98-103 oc 
(1 Torr, bath temp); IR (neat) 2950, 2868. 1653, 1375, 1240, 1205, 1145, 1073 
cm-1; 1 H NMR (CDCI3) o 1.03-1.30 (m, 21H), 1.58-1.80 (m, 4H), 2.10-2.32 (m. 
4H); 13c NMR (CDCI3) o 13.69, 17.83, 22.14, 22.74, 23.82, 31.67, 102.5 (t, 
1=21.1 Hz). 156.3 (t, 1=4.9 Hz); 19f NMR (CDCJ3) o -81.32 (t, 1=9.8 Hz, 3F), 
-108.6 (bs, 2F), -122.4 (bs, 4F), -123.3 (bs, 2F), -126.4--126.8 (m, 2F); MS (70 
eY) m/z (rei intensity) 530 (M+_iPr+l, 20), 529 (M+ _iPr, 79), 105 (50), 77 (100), 
63 (15), 59 (12), 43 (24), 41 (19). Found: C, 43.81; H, 5.21 %. Calcd for 
C21H29F130Si: C, 44.06; H. 5.11%. 
6-Perfluoroisopropyl-1-triisopropylsiloxy-1-cyclohexene (7b): Bp 78-83 
76 
oc (1 Torr, bath temp); IR (neat) 2944, 2892,2868. 1664, 1466, 128R, 1268, 1218, 
1196, 1159, 1120, 1099, 1064,965,897,882, 832,677 cm-1; 1H NMR (CDCI3) 6 
0.95-1.30 (m, 21H), 1.34-1.55 (m, IH), 1.64-2.08 (m, 5H), 2.99-3.14 (m, I H). 
5.08 (t, 1=4.0 Hz. 1 H); Be NMR (CDCI 3) o 12.90, 17.90 (d, 1=6.3 HL), 20.85, 
23.30, 23.72 (d, 1=7.8 Hz), 40.94 (d, 1=17.1 Hz), 93.86 (dm, 1=208 Hz), 107.3, 
121.2 (qd, .!=288, 28.1 Hz), 146.0; 19p NMR (CDCI3) o -72.73 (qd, 1=8.6, 6.1 
Hz, 3F), -73.65 (qd, 1=8.6, 6.1 Hz, 3F), -172.1--172.7 (m, 1F); MS (70 eV) m/~ 
(rei intensity) 422 (M+, 3), 379 (15), 199 (24), 179 (18), 159 (15). 105 (49), 79 (17), 
77 (100), 63 (23), 59 (23), 43 (45), 41 (32). Found: C, 51.18; H, 6.99%. Calcd for 
C18H29F70Si: C, 51.17; H, 6.92%. 
2-Pernuoroisopropyl-1-triisopropylsiloxy-1-cyclohexene (8b): Bp 76-81 
°C (1 Torr, bath temp); IR (neat) 2946, 2896,2870, 1645, 1467, 1371, 1293, 1216, 
1180, 1160, 1146, 1067,984,968,959,898,884,844,771 723 686 cm-1; 1 H NMR 
(CDCI3) o 0.99-1.26 (m, 21H), 1.52-1.74 (m, 4H), 2.07-2.26 (m, 4H); Be NMR 
(CDCI3) o 13.83, 17.90, 22.38, 22.55, 24.03 (d, 1=2.2 Hz), 32.26, 93.12 (dm, 
1=207 Hz), 99.00 (d, 1=15.1 Hz), 121.5 (qd, 1=289, 28.8 Hz), 155.2; 19F NMR 
(CDCI3) o -74.74 (d, 1=6.1 Hz, 6F), -177.2 (sep, 1=6.1 Hz, IF); MS (70 eY) 
m/z (rei intensity) 422 (M+, 0.2), 379 (42), 227 (32), 207 (42), 179 (18), 105 (31), 
77 (100), 63 (19), 43 (25), 41 (22). Found: C, 51.03; H, 6.98%. Calcd for 
C18H29F70Si: C, 51.17; H, 6.92%. 
S-Perfluorohexyl-1-trimethylsi loxy-1-cyclopentene (10): Bp 65-70 oc (1 
Torr, bath temp); IR (neat) 1666, 1654, 1381, 1240, 1205, 1146, 1 120, 867, 848 
cm-1; 1 H NMR (CDC13) o 0.21 (s, 9H), 2.05-2.46 (m, 4H), 3.10-3.36 (m, 1 H), 
4.89 (bs, lH); 13c NMR (CDCI3) o -0.43, 22.82, 27.07, 47.52 (dd, 1=22.8, 20.3 
Hz), 106.9, 148.9; 19F NMR (CDCI3) o- 81.33 (t, 1=9.4 Hz, 3F), -109.5 (t, 
1=12.8 Hz, IF), - 116.0-- 117.1 (m, lF), -121.6 (bs, lF),- 122.1- - 123.5 (m, SF), 
-126.3--126.8 (m, 2F); MS (70 eY) ml:. (rei intensity) 475 (M+ + 1, 11), 474 (M+, 
77 
52), 459 (25), 205 (39), 155 (15), 77 (54), 73 ( 100), 55 (59). Found: C, 35.50; H, 
3.13%. Calcd forCJ4HJsfJ30Si: C,35.45;H, 3.19%. 
2-(Perfluorohexyl)cyclopentanone (11) : Bp 89-94 oc (5 Torr, bath temp); 
IR (neat) 2890,2882, 1768, 1350, 1238, 1206, 1147, 733 cm-1; lH NMR (CDCI3) 
o 1.76-2.51 (m, 6H), 2.77-3.03 (m, 1H); Be NMR (CDCI3) o 20.16, 24.51, 38.67, 
49.29 (dd, 1=24.1 , 20.0 Hz), 208.9 (d, 1=2.4 Hz); 19f NMR (CDCI3) o -81.38 (tt, 
1=10.9, 2.4 Hz, 3F), -115.1--116.0 (m, 2F), -121.3 (bs, 2F), -122.4 (bs, 2F), 
- 123 .2 (bs, 2F), -126.3- -126.8 (m, 2F); MS (70 eV) mlz (rel intensity) 4D3 
(M+ +1, 17), 402 (M+, 100), 383 (11), 382 (46), 354 (12), 343 (8), 340 (10). Found: 
C, 32.77; H, 1.76%. Calcd for C 11H7F 130: C, 32.85; H, 1.75%. 
2-(PerOuorohexylidene)cyclopentanone (12). Stereochemistry of 
alkene could not be determined: Bp 110-115 oc (37 Torr, bath temp); IR (neat) 
1747,1669, ]238, 1194,1143,1111, 724,cm-1; 1H NMR (CDCI3) o 1.95-2.10 
(m, 2H), 2.38-2.46 (m, 2H), 2.82-2.95 (m, 2H); Be NMR (CDCI3) o 19.89, 
25.83, 38.79, 141.9 (d, 1=30.3 Hz), 202.6; 19f NMR (CDCI3) o -81.34 (t, 1=8.5 
Hz, 3F), -1 16.6--117.2 (m, 3F), -123.5 (bs, 4F), -126.6 (bs, 2F); MS (70 eV) mlz 
(rei intensity) 382 (M+, 9), 135 (11), 121 (20), 113 (100), 107 (95), 69 (23), 57 (17), 
55 (21). Found: C, 34.38; H, 1.51 %. Calcd for C 11H6F120: C, 34.57; H, 1.58%. 
(Z)-5-Ethyl-6,6, 7, 7 ,8,8,9,9,1 0,10,11 ,11 ,11-tridecafluoro-4-trimethylsiloxy-
3-undecene ((Z)-14a): Bp 95-100 oc (35 Torr, bath temp); IR (neat) 2966, 1671, 
1362,1299, 124D, 1195,1147,1121,1087,847,733, 706cm-1; lH NMR (CDCI3) 
o 0.20 (s, 9H), 0.95 ( t, 1=7.4 Hz, 3H), 0.96 (t, 1=7.5 Hz, 3H), 1.58-1.85 (m, 2H), 
1.92-2.15 (m, 2H), 2.60 (tdd, 1=14.8, 10.3, 4.3 Hz, lH), 4.59 (t, 1=7.1 Hz, IH); 
13c NMR (CDCI 3) o 0.83, 11.55, 14.01, 18.07, 19.33, 50.47 (t, 1=20.5 Hz), 115.5, 
141.9; 19F NMR (CDCl3) o -81.30 (tt, 1=9.8, 2.4 Hz, 3F), -113.8--114.7 (m, 2F), 
- 121.2 (bs, 2F), -122.3 (bs, 2F), -123.3 (bs . 2F), -126.3--126.7 (m, 2F); MS (70 
eV) mlz (rei intensity) 504 (M+, 23), 489 (10), 448 (9), 207 ( 14), 143 (14), 77 
78 
(34), 73 (100), 70 (14), 69 (9), 55 (30). Found: C, 37.82; H, 4.03%. Calcd for 
C16H21 F 130Si: C, 38.10; H, 4.20%. 
(£)-5-Ethyl-6,6,7, 7 ,8,8,9,9,1 0,1 0,11 ,11, 11-tridecafluoro-4-trimethyl-
siloxy-3-undecene ((£) -14a) : Bp 50-55 oc (1 Torr, bath temp); IR (neat) 2966, 
1664, 1241, 1146, 962, 886, 848, 659 cm-1; 1 H NMR (CDCI3) o 0.19 (s. 9H), 0.90 
(t, 1=7.4 Hz, 3H), 0.96 (t, 1=7.4 Hz, 3H), 1.60-2.08 (m, 4H), 3.07 (tdd, 1=15.1, 
10.5, 4.1 Hz, lH), 4.77 (t, 1=7.5 Hz, 1H); 13c NMR (CDCI3) o 0.00, 11.15, 14.83, 
17.24, 20.16, 43.85 (t,1=20.7 Hz), 112.9, 143.0; 19F NMR (CDCI3) o -81.35 (t, 
1=9.8 Hz, 3F), -113.6 (bs, 2F), -121.8- -122.4 (m, 4F), -123.2 (bs, 2F), - 126.4-
-126.9 (m, 2F); MS (70 eV) mlz (rei intensity) 505 (M+ +1, 12), 504 (M+, 53), 
489 (22), 448 (20), 207 (24), 143 (17), 77 (36), 73 (100), 55 (27) . Found: C, 38.33; 
H, 4.04%. Calcd for C 1<ti21F130Si: C, 38.10; H, 4.20%. 
5-Ethyl-6,6,7,7 ,8,8,9,9,10,10,11,11,11-tridecafluoro-4-undecanone (15a) : 
Bp 97-102 oc (35 Torr, bath temp); IR (neat) 2970, 1731 , 1363, 1239, 1207, 1146, 
694, 651 cm-1; 1H NMR (CDCI3) o 0.94 (t, 1=7.3 Hz, 6H), 1.55-1.73 (m, 2H), 
1.78-2.09 (m, 2H), 2.46 (dt, 1=18.4, 7.2 Hz, 1H), 2.60 (dt, 1=18.4, 7.3 Hz, 1 H), 
3.21 (tdd, 1=15.0, 10.2, 4.5 Hz, 1H); Be NMR (CDCI3) o 11.39, 13.31, 16.37, 
18.81 (t, 1=5.1 Hz), 46.19, 54.85 (t, 1=19.8 Hz), 204.1; 19F NMR (CDCI3) o 
-81.32 (tt, 1=9.8, 2.4 Hz, 3F), -113.6--114.1 (m, 2F), -121.1 (bs, 2F), - 122.3 (bs, 
2F), -123.3 (bs, 2F), -126.3- -126.8 (m, 2F); MS (70 eV) mlz (rei intensity) 432 
(M+. 0.5), 388 (5), 72 (5), 71 (100), 69 (6), 47 (14), 43 (55), 41 (11). Found: C, 
35.88; H, 2.98%. Calcd for C 13H 13F 130: C, 36.13; H, 3.03%. 
(Z)-5-Ethyl-6,7, 7, 7 -tetrafluoro-6-trifluoromethyl-4-trimethylsiloxy-3-
heptene ((Z)-14b): Bp 82-87 oc (35 Torr, bath temp); IR (neat) 2966, 1670, 
1384, 1298, 1256, 1224, 1186, 1160, 1127, 1101, 1088, 1069,952,847 cm-1; 1H 
NMR (CDCI3) o 0.20 (s, 9H), 0.95 (t, 1=7.4 Hz, 6H), 1.58-1.85 (m, 2H), 1.97-2.12 
(m, 2H), 2.56-2.70 (m, lH), 4.63 (t, 1=7.2 Hz, 1H); 13c NMR (CDCI3) o 0.92, 
79 
12.50, 13.89, 18.56, 19.54, 50.43 (d, 1=20.1 Hz), 92.76 (dm, 1=204 Hz). 115.5, 
121.1 (qd, 1=288, 28.8 Hz), 121.3 (qd, 1=289, 26.6 H1), 141.5 (d, 1=6.5 H1); 19F 
NMR (CDCI3) b -73.10 (d, 1=7.3 Hz, 6F), -174.7- -175.7 (m, I F); MS (70 eV) 
I + + 111: (rei 1ntcns1ty) 355 (M +1, 12), 354 (M , 62), 339 (47), 298 (49), 247 (14), 
185 (22), 143 (16), 77 (31 ), 73 (100). Found: C, 44.14; H, 6.08%. Calcd for 
C13H21 F70S1: C, 44.06; H, 5.97%. 
(E) -5-Ethyl-6, 7, 7, 7 -tetrafl uoro-6-trifluorometh yl-4-trimethylsi loxy-3-
heptene ((£)-14b): Bp 77-82 oc (35 Torr, bath temp); IR (neat) 2966, 1661, 
1297, 1255, 1224, 1159, 1135, 1123,892,848 cm-1; 1H NMR (CDCI3) o 0.19 (s, 
9H), 0.87 (t, 1=7.3 Hz, 3H), 0.96 (t, 1=7.5 Hz, 3H), 1.57-2.06 (m, 4H), 3.04-3.18 
(m, I H), 4.75 (t,1=7.6 Hz, lH); Be NMR (CDCJ3) o -0.26, 11.91, 14.82, 17.93, 
20.31, 43.79 (d, 1=20.5 Hz), 92.51 (dm,1=203 Hz), 113.3, 121.1 (qd, 1=290, 27.3 
Hz), 121.4 (qd, 1=290, 27.6 Hz), 142.3 (d, 1=6.0 Hz); 19F NMR (CDCJ3) o 
-72.98--73.91 (m,6F), -174.7--176. 1 (m, IF); MS (70eV) m/: (rei intensity) 
+ 354 (M , 11), 339 (9), 298 ( 12), 185 (9), 143 (9), 77 (33), 73 (100), 55 ( 10). Found: 
C, 44.18; H, 6.22%. Calcd for C 13H21F70Si: C, 44.06; H, 5.97%. 
5-Ethyl-6,7, 7, 7-tetrafluoro-6-trinuoromethyl-4-heptanone (15b) : Bp 
71-76 oc (49 Torr, bath temp); IR (neat) 2968, 2938, 1733, 1299, 1260, 1226, 
1163, 1145, 1131, 971 em -1; 1 H NMR (CDCI3) o 0.89 (t, 1=7.9 Hz, 3H), 0.93 (t, 
1=7.4 Hz, 3H), 1.55-1.89 (m, 3H), 1.93-2.17 (m, 1H), 2.43 (dtd, 1=18.3, 7.0, 1.2 
Hz, lH), 2.64 (dtd, 1=18.3, 7.3 , 1.6 Hz, 1H), 3.10-3.25 (m, 1H); 13c NMR 
(CDCI3) o 12.3 1, 13.25, 16.57, 19.00, 48.06, 53.00 (d, 1=8.6 Hz), 92. 19 (dm, 
1=205 Hz), 120.6 (qd, 1=287, 27.7 Hz), 120.8 (qd, 1=287, 28.0 Hz), 204.1; 19F 
NMR (CDCI3) o -73.05 (dq, 1=8.6, 8.5 Hz, 3F), -74.43 (dq, 1=9.8, 8.5 Hz, 3F), 
-176.4--176.9 (m, 1F); MS (70 eV) m/: (rei intensity) 239 (M+ -C3H7, 2), 171 
(2), 127 (3), 72 (5), 71 (100), 43 (88). 41 (24). Found: C, 42.30; H, 4.46%. CaJcd 
for C 10H 13F70: C, 42.56; H, 4.64%. 
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(Z)-8,8,9,9, 10,1 0,11 ,11,12, 12,13,13,13-Tridecafluoro-6-trimethylsiloxy-5-
tridecene ((Z)- 17a): Bp 94-99 oc (5 Torr, bath temp); JR (neat) 2958, 2930, 
1675, 1350, 1240, 1195, 1145, 1121, 1097,990,846,707 cm-1; IH NMR (CDCI3) 
o 0.20 (s, 9H), 0.90 (t, 1=6.8 H7, 3H), 1.25-1.37 (m, 4H), 1.99-2.10 (m, 2H), 2.75 
(t, 1= 18.4 Hz. 2H), 4.72 (t, 1=7. I HL, 1 H); 13c NMR (CDCI3) b 0.37, 13.82, 
22.41, 25.55, 31.61, 38.32 (t, 1=22.1 Hz), 116.5, 139.1; 19F NMR (CDCJ3) o 
-81.32 (t, 1=9.8 Hz, 3F), - 113.0-- 113.5 (m, 2F), - 122.1-- 122.6 (m, 2F), - 123.4 
(bs, 2F), -123.8 (bs, 2F),- 126.3--126.9 (m, 2F); MS (70 cV) m/: (rei intens1ty) 
+ + 505 (M +1, 7), 504 (M , 27), 462 (14), 461 (89), 175 (10), 77 (17), 73 (100), 55 
(38). Found: C, 37.90; H, 4.15%. Calcd for C 16H 21 F 130Si: C, 38. I 0; H, 4.20%. 
(E)-8,8,9,9,10,1 0,11,11 , 12,12,13,13,13-Tridecafluoro-6-trimethylsiloxy-5-
tridecene ((E)-17a): Bp 71-76 oc (1 Torr, bath temp); lR (neat) 2960, 2930, 
1670, 1360, 1240, 1195, 1145, 1122,847,733,707 cm-1; 1H NMR (CDCJ3) b 0.20 
(s, 9H), 0.90 (t, 1=7.0 Hz, 3H), 1.27-1.37 (m, 4H), 1.89-2.00 (m, 2H), 2.86 (t, 
1=18.4 Hz, 2H), 4.91 (t, 1=7.6 Hz, 1H); 13c NMR (CDCI3) o 0.09, 13.87, 22.19, 
26.91, 32.31, 33.26 (t, 1=22.2 Hz), 113.5, 140.6; 19f NMR (CDCI3) b -81.32 (t, 
1=9.8 Hz, 3F), -1 12.3--112.7 (m, 2F), - 122.3 (bs, 2F), -123.4 (bs, 2F),- 123.8 (bs, 
2F), -126.4- - 126.9 (m, 2F); MS (70 eV) m/: (rei intensity) 504 (M+, 6), 461 
(23), 175 (8), 77 (22), 74 (9), 73 ( 100), 55 (46). Found: C, 38.25; H, 4. 17%. Calcd 
for C 16H21 F 130Si: C, 38.10; H, 4.20%. 
8,8,9,9,10,10,11,11,12,12,13,13,13-Tridecafluoro-6-tridecanone (18a): Bp 
100-105 oc (43 Torr, bath temp); 1R (neat) 2960, 2934, 1732, 1363, 1240, 1204, 
1145, 1124, 706cm·l; 1H NMR (CDCI3) o 0.90 (t, 1=6.7 Hz, 3H), 1.23-1.40 (m, 
4H), 1.55-1.70 (m, 2H), 2.58 (t, 1=7.3 Hz, 2H), 3.16 (t, 1=18.7 Hz, 2H); Be 
NMR (CDCI3) o 13.84, 22.37, 22.88, 31.03, 43.10 (t, 1=22.1 HL), 44.48, 200.0; 
l9F NMR (CDCI3) o - 81.29 (bs, 3F), - 111.2- -112.0 (m, 2F), - 122.2 (bs, 2F), 
-123.4 (bs, 4F),- 126.3--126.8 (m, 2F); MS (70 eV) m/: (rei intenslt)) 432 (M ... , 
81 
5), 376 (100), 361 (45), 3.56 (95), 341 (47), 99 (45), 56 (36), 43 (61). Found: C, 
36.06; H, 2.94%. Calcd for C 13H 13F 130: C, 36.13; H, 3.03%. 
(Z)-1 , 1,1 ,2-Tetratluoro-2-trifluoromethyl-4-trimethylsiloxy-4-nonene 
((Z)-17b): Bp 50-55 oc (1 Torr, bath temp); IR (neat) 2958,2930, 1675, 1378, 
1332,1286,1221,1187,1163,1151,1117, 1069,999,978,846cm·l; 1H NMR 
(CDCI3) b 0. 19 (s, 9H), 0.89 (t, 1=6.5 Hz, 3H), 1.26-1.36 (m, 4H), 1.94-2.06 (m, 
2H), 2.73 (d, 1=21 .5Hz, 2H), 4.71 (t, 1=7.3 Hz, !H); 13c NMR (CDCI3) o 0.46, 
13.88, 22.29, 25.39, 31.39, 36.08 (d, 1=19.7 Hz), 91.39 (dm, 1=206 Hz), 1 1 6.3, 
120.8 (qd, 1=288, 27.9 Hz), 139.9 (d, 1=2.8 Hz); 19f NMR (CDCI3) o -76.60 (d, 
1=7.3 Hz, 6F), - 183.0 (tsep, tsep = tri plet, septet, 1=22.0, 7.3 Hz, IF); MS (70 eV) 
m/z (rei intensi ty) 354 (M+, 4), 3 11 (22), 219 (10), 77 (15), 74 (9), 73 (100). 
Found: C, 43.95; H, 6.02%. Calcd for C 13H21 F70Si: C, 44.06; H, 5.97%. 
(E )-1, 1,1 ,2-Tetratluoro-2-tritluoromethyl-4-trimethylsiloxy-4-nonene 
((E )-17b): Bp 49-54 oc (1 Torr, bath temp); 1R (neat) 2958, 2932, 1671, 1332, 
1286, 1224, 1187, 1163, 1118, 998, 918, 846 cm·1; 1H NMR (CDCI3) o 0.18 (s, 
9H), 0.90 (t, 1=7.0 Hz, 3H), 1.25--1.37 (m, 4H), 1.89-2.02 (m, 2H), 2.86 (d, 
1=20.8 Hz., 2H), 4.80 (t, 1=7.6 Hz, lH); Be NMR (CDC13) o -0.08, 13.90, 22.25, 
26.87, 30.89 (d, 1=20.9 Hz). 32.28, 91.21 (dm, 1=206 Hz). 112.5, 120.8 (qd, 
1='286, 24.5 Hz), 141.0; 19F NMR (CDC13) o -76.82 (d, 1=6.1 Hz, 6F), -182.3 
(tsep, .1=20.8, 6. 1 Hz, l F); MS (70 eV) m/z (rei intensi ty) 354 (M+, 22), 312 (18), 
311 (100), 298 (15), 2 19 (32), 77 (16), 73 (68), 57 (24), 56 (11), 43 (22), 41 (22). 
Found: C, 44.14; H, 6.07%. Calcd for C 13H 21 F70Si: C, 44.06; H, 5.97%. 
1,1,1 ,2-Tetratluoro-2-tritluoromethyl-4-nonanone (18b): Bp 82-87 oc (45 
Torr, bath temp); IR (neat) 2958,2934, 1729, 1340, 1288, 1227, 1164, 1131, 1108, 
996 cm·l; 1 H NMR (CDCI3) o 0.90 (t, 1=6.7 Hz, 3H), 1.20-1.40 (m, 4H), 
1.53-1.68 (m, 2H), 2.56 (t, 1=7.1 Hz, 2H), 3.07 (d, 1=21.9 Hz, 2H); 13c NMR 
(CDCI3) o 13.66, 22.35, 22.94, 30.97, 40.33 (d, 1=19.1 Hz), 44.44, 90.69 (dm, 
82 
1=208 Hz.), 120.4 (qd, .1=287, 27.8 Hz), 200.6; 19F NMR (CDCI3) b -77.01 (d, 
1=7.3 Hz, 6F),- 183.0 (tscp, 1=22.0, 7.3 Hz., lF); MS (70 eV) 111 1-:. (rei •ntcns•L)) 
282 (M+, 7), 253 (5), ~39 (I 5), 227 (21), 2~6 (100), 211 (36), ~06 (6), 186 (3), 99 
(5). Found: C, 42.83; H, 4.65%. Calcd for C 1oH 13F70: C, 42 . .56; H, 4.64q. 
3,3,4,4,5,5,6,6, 7, 7 ,8,8,8-Tridecatluoro-2-pentyl-1-triisopropylsi1oxy-l -
octene (20, Major ): Stereochemistry(£ or Z) could not be dclcm11ncd; Bp 
92-97 oc (1 Torr, bath temp); IR (neat) 2948,2868, 1659, 1466, 1240, 1145, 1112, 
882,708,686,653 cm-1; IH NMR (CDCI3) o 0.88 (t, 1=6.7 Hz, 3H), 1.03-1.56 
(m, 27H), 2.1~-2.20 (m, 2H), 6.83 (t, 1=2.0 Hz, 1H); 13c NMR (CDCI3) o 11.79, 
13.97, 17.44, 22.49, 23.99, 28.53, 32.04, 11 1. 1 (t, 1=20.4 Hz), 146.4 (1, 1= I ~.5 
Hz); 19F NMR (CDCI3) o -81.35 (t, 1=9.8 Hz, 3F), -109.2-- 109.6 (m, 2F), 
-122.1--122.5 (m, 4F), -123.2 (bs, 2F), -126.4--126.7 (m, 2F); MS (12 cV) ml-:. 
+ . + . (rei intensity) 546 (M -1Pr+1, 26), 545 (M -1Pr, 100), 489 (4), 395 (3). 139 (2), 
133 (3), 121 (2), 105 (2). Found: C, 45.18; H, 5.89%. Calcd for C22H33F130S1: 
C, 44.90; H, 5.65%. 
3,3,4,4,5,5,6,6, 7,7 ,8,8,8-Tridecatluoro-2-pentyl-1-triisopropylsiloxy-1-
octene (20, Minor ): Bp 105-110 oc (4 Torr, bath temp); IR (neat) 2950, 2868, 
1656, 1466, 1281, 1240, 1202, 1146, 1130, 882, 808, 710, 685 em -l; 1 H NMR 
(CDCI3) o 0.89 (t, 1=6.7 Hz, 3H), 1.00-1.50 (m, 27H), 1.98-2.05 (m, 2H), 6.59 (s, 
1H); Be NMR (CDCI3) o 11.67, 14.01, 17.37, 22.39, 27.78, 30.01, 31.27, 107.3 (1, 
1=20.3 Hz.), 146.8 (t, 1=5.7 Hz); 19F NMR (CDCI3) o -81.32 (t, 1=9.8 Hz, 3F), 
-108.9-- 109.3 (m, 2F), -122.2--122.7 (m, 4F), -123.3 (bs, 2F),- 126.3-- 126.8 (m, 
+ . + . 
2F); MS (12 eV) ml:. (rei intensity) 546 (M -1Pr+l, 26), 545 (M -1Pr, 100), 489 
(10), 395 (15), 157 (14), 133 (12), 121 (11), 105 (43), 77 (67), 43 (12). Found: C, 
44.83; H, 5.54%. Calcd for C22H33F 130Si: C, 44.90; H. 5.65%. 
3,4,4,5,5,6,6, 7, 7 ,8,8,8-Dodecatluoro-2-pentyl-2-octenal (21 , Maj or ): 
Stereochemistry(£ or Z) could not be determined; Bp 91-96 oc (27 Torr, bath 
83 
temp); IR (neat) 2960,2932,2866,1697,1658,1361, 1301,1237,1201, 1166, 
I 145, II 13, 724 cm-1; 1 H NMR (eOel3) & 0.89 (t, 1=6.7 Ht, 3H), 1.24-1.50 (m , 
6H), 2.41-2.51 (m, 2H), 10.00 (s, 1 H); l3e NMR (CDCI3) & 13.75, 22.23, 23.32 
(d, 1=3.8 Ht), 27.73, 31.46, 132.3 (d, 1=9.1 Hz), 187.5 (d, 1=8.3 H1.L 19F NMR 
(eDel3) o -8 1.25 (t, 1=9.8 Hz, 3F), - 107.1 (bs, I F), - 111.6 (bs, 2F), - 123.3 (bs, 
4F), - 126.5 (bs, 2F); MS (12 eV) m/: (rei intensity) 412 (M +. 7), 384 (23), 364 
( 19), 357 (34), 356 (53), 335 (50), 143 (100). Found: e, 38.03; H , 2.90%. ealcd 
fore 13H 12F120: e, 37.88; H, 2.93%. 
3,4,4,5,5,6,6, 7, 7 ,8,8,8-Dodecafluoro-2-pentyl -2-octenal (21 , Minor) : B p 
88-93 oe (24 T orr, bath temp); IR (neat) 2960, 2934, 2874, 1700, 1660, 1362, 
1237, 1205, 1144, 1113, 724 cm-1; 1H NMR (eDe13) o 0.89 (t, 1=6.5 Hz., 3H), 
1.23- 1.46 (m, 6H), 2.26-2.34 (m, 2H), 10.23 (s, I H); 13e NMR (eDC13) o 13.77, 
22.17 (two peaks), 29.21, 31.72, 129.3, 187.6 (d, 1=18.8 Hz.); 19F NMR (CDCI3) 
o -81.26 (t, 1=9.8 Hz., 3F), -I 15.6 (bs, 2F),- 123.1 (bs, 4F), - 126.2-- 126.6 {m, 3F); 
MS (12 eV) m /: (rei intensity) 412 (M-, 0.6), 335 (5), 145( 11), 143 (100), 95 (7), 
85 (24), 68 (8). 56 (24). Found: C, 37.58; H, 2.86%. ealcd for C 13H 12F 120: e , 
37.88; H , 2.93%. 
The R eaction of Sily l Enolate with Trifluoromethy l I odide in the Presence 
of Base. Typical procedure is as follows. CF3I (2. 88 g, 14.7 mmol) was 
introduced into the nask pre-cooled to -78 °C, then hexane (7.4 ml), silyl enolate 
(22 (purity, 93%), 354 mg, 1.36 mmol), 2,6-dimethylpyridine (159mg, 1.47 mmol) 
and Et3B (0.96 M hexane solution, 0.30 ml, 0.29 mmol) were slowly added to the 
Oask. After addition of these reagents, the reaction mi"Xture was \\'armed to room 
temperature and stirred for 40 h. The resulting precipitate was filtered through 
Celite 545 and the filtrate was concentrated in vacuo. Treatment of the crude 
product with coned aqueous HCI in THF and punfication by silica-gel col umn 
chromatography ga,·e 23a in 64% yield. 
84 
1,1,1-Trifluor o-3-dodecanone (23a) : Mp 44.5-45.5 °C; IR (eOCJ3) 2926, 
2854, 1731 , 1367, 1341, 1274, 1255, I 160, 1139 cm-1: 1 H NMR (eOCI3) o 0.88 
(t, 1=6.4 Hz, 3H), 1.27 (bs, 12H), 1.53-1.70 (m, 2H), 2.53 (I, 1=7.3 Ht, 2H), 3.21 
(q, 1=10.5 Hz, 2H); 13c NMR (CDCI3) & 14.04, 22.63, 23.16, 28.90, 29.21, 29.31, 
29.36, 31.83, 43.50, 46.18 (q, 1=28.2 Hz.), 123.7 (q, 1=277 Ht), 200.2; 19F NMR 
(CDCI3) & -62.91 (t, 1=10.3 Hz.); MS (12 eV) m /: (rei intensit)) 238 (M +. 12), 
220 (23), 164 (26), 153 (26), 150 (34), 139 (32), 127 (30), 126 (88), 112 (100), 11 0 
(46), 71 (25). Found: C, 60.72; H, 9.10%. Calcd for C12H21F30: C. 60.49; H , 
8.88%. 
5-Trifluoromethyl-6-undecanone (25a) : Bp 79-84 oc ( 1 Torr, bath temp) ; 
IR (neat) 2958, 2932, 2870, 1729, 1261, 1163, 1123, 1091 cm·l; 1 H NMR 
(CDCI3) & 0.90 (t, 1=6.8 Hz., 6H), 1.17-1.47 (m, 8H), 1.53-1.99 {m, 4H), 2.47 (d t, 
1=17.9, 7.1 Hz., lH), 2.61 (dt, 1=17.9, 7.3 Hz., lH), 3.19 (dqd,J=9.2, 8.9, 4.7 Hz., 
1H); Be NMR (CDCI3) & 13.59, 13.80, 22.39 (two peaks), 22.70, 25.61, 29.02, 
31.07, 43.64, 55.56 (q, 1=25.0 Hz.), 124.9 (q, 1=280 Hz), 204.4; 19F NMR 
(COel3) & -67.33 (d, 1=8.9 Hz); MS (12 eV) m/: (rei intensi ty) 238 (M+, 3), 167 
(4), 126 (5), 100 (7), 99 (100), 85 (4), 72 (4), 71 (19}, 56 (6), 43 (7). Found: C, 
60.20; H, 9.10%. Calcd for C 12H21F30: C, 60.49; H, 8.88%. 
The Reaction of Silyl Enolate with 2,2,2-Trifluoroethy l I odide in the 
Presence of Base. The reactions were performed according to Procedure A' 
described for the reaction of silyl enolate with Rfl with some variation of the 
quantity of reagents and reaction time, which are shown below. 
1,1,1-Trifluoro-4-tridecanone (23b). Et3B (0.96 M hexane solution, 
0.42 ml, 0.40 mmol) was added to a solution of silyl enolate (22 (purity, 93'K), 
486mg, 1.86 mmol), Cf3CH 2I (840 mg, 4.00 mmol) and 2,6-dimethylpyridine (205 
mg, 1.91 mmol) in hexane (5 ml) at room temperature. The resulting mixture was 
stirred for 15 h. Acidic work-up followed by purification ga' e 23b in 79% yield: 
85 
Bp 90-95 oc ( 1 Torr, bath temp); IR (neat) 2926,2854, 1723, 1442, 1364, 1315, 
1256, 123 1, 1143 , 1091,612 cm-1 ; lH NMR (CDCI3) o 0.88 (t, 1=6.5 Hz, 3H), 
1.27 (bs, 12H), 1.52-1.70 (m, 2H), 2.28-2.53 (m, 4H), 2.64-2.72 (m, 2H); 13c 
NMR (CDCI3) o 13.99, 22.61, 23.73, 27.86 (q, 1=29.8 Hz), 29.11, 29.21, 29.32, 
29.36, 31.82, 34.76 (q, 1=2.7 Hz), 42.76, 127.0 (q, 1=277 Hz), 207.1; 19F NMR 
(CDCI3) o -67.17 (t, 1=10.3 Hz); MS (12 eV) m /z (rei intensity) 252 (M+. 9), 
155 (66), 153 (16), 141 (29), 140 (100), I 12 (37), 110 (21), 85 (15), 71 (28), 57 
(20). Found: C, 62.04; H, 9.48%. Calcd for C 13H23F30: C, 61.88; H, 9.19%. 
5-(2,2,2-T rifluoroethyl)-6-undecanone (2Sb): Bp 65-70 oc (1 Torr, bath 
temp); IR (neat) 2956, 2930, 2862, 1719, 1467, 1459, 1378, 1257, 1131, 1102, 
J075cm-1; 1H NMR (CDCI3) o0.90(t,1=6.8 Hz, 6H), 1.15-1.75 (m, 12H) , 
1.88-2.21 (m, 1H), 2.48 (t, 1=7.5 Hz, 2H), 2.57-2.90 (m, 2H); 13c NMR (CDCJ3) 
o 13.77, B.88, 22.44, 22.54, 23.00, 28.79, 31.25, 31.82, 34.53 (q, 1=28.4 Hz), 
42.80, 44.93 (q, 1=2.7 Hz), 126.6 (q, 1=277 Hz), 211.5; 19F NMR (CDCl3) o 
-65.50 (t, 1=10.8 Hz) : MS (12 eV) mlz (rei intensity) 252 (M+. 3), 196 (8), 140 
(7), 100 (6), 99 (100) , 71 (1 5), 43 (4). Found: C, 62.04; H, 9.46%. Calcd for 
C13H23F30: C, 61.88; H, 9.19%. 
The Reaction of 1-Trimethylsiloxy-1-cyclopropylethylene (26) with 
Perfluorohexyl or Perfluoroisopropyllodide. Periluoroisopropylation of 26 
is representatiYe. Et3B (1.0 M hexane solution, 0.20 ml, 0.20 mmol) was added to a 
solution of silyl enolate (0.16 g, 1.0 mmol) and i-C3F7I (0.50 g, 1.7 mmol) in 
hexane (2 ml). After stirring for 20 min, the reaction mixture was concentrated in 
vacuo. Purification by silica-gel column chromatography gave 27b in 85% yield. 
Treatment of crude product with coned aqueous HCI in THF according to Procedure 
A' and purification by distillation gave 28b in 83% yield. 
(Z),(E)-6, 7, 7, 7-Tetratluoro-1-iodo-6-tritluoromethyl-4-trimethylsiloxy-
3-heptene (27b, (Z):(E) = 81:19): Bp 92-97 oc (1 Torr, bath temp); IR (neat) 
86 
2960,1671, 1374,1333,1286,1222,1164,1149, 1121, 1003,845cm-l: 1H NMR 
(CDCI3) o 0.22 (s, 9H), 2.53 (dt, 1=7.6, 7.0 Hz, 0.38H), 2.60 (td, 1=7.4, 7.0 HL. 
1.62 H), 2.75 (d, 1=21.6 Hz, 1.62H), 2.86 (d, 1=21.0 Hz, 0.38H), 3.10 (t, ./=7.4 
Hz, 1.62H), 3.14 (t, 1=7.0 Hz, 0.38H), 4.75 (t, 1=7.0 Hz, 0.81 H), 4.80 (t, 1=7.6 
Hz, 0.19H); Be NMR for (Z)-isomer (CDCI3) o 0.43, 4.00, 30.12, 35.99 (d, 
1=19.5 Hz), 91.41 (dm, 1=207 Hz), 114.5, 120.9 (qd, 1=288, 28.8 Hz), 142.4 (d, 
1=2.6 Hz); Be NMR for (E)-isomer (CDCI3) o -0.15, 5.92, 31.21, 31.49 (d, 
1= 19.0 Hz), 111.0, 143.6 (d, 1=3.4 Hz), (Be of i-C3F7 could not be detected); 
19F NMR (CDCI3) o -76.56 (d, 1=6.1 Hz, 4.86F), -76.79 (d, 1=7.3 Hz, 1.14F), 
-182. 1 (tsep, 1=20.8, 7.3 Hz, 0.19F), -183.0 (tsep, 1=22.0, 6.1 Hz, 0.81 F); MS (70 
eV) mlz (rei intensity) 452 (M+, 2), 326 (18), 325 (100), 233 (8), 73 (18). Found: 
C, 29.16; H, 3.58%. Calcd for C 11H 16F7IOSi: C, 29.22; 3.57%. 
6, 7,7, 7 -Tetrafluoro-1-iodo-6-trifluoromethyl-4-heptanone (28b) : Bp 
73-78 oc (1 Torr, bath temp); IR (neat) 1728, 1338, 1289, 1223, 1165, l 117, 1045, 
1002 cm·l; lH NMR (CDCI3) o 2.04-2.18 (m, 2H), 2.75 (t, 1=7.0 Hz, 2H), 3.11 
(d, 1=21.9 Hz, 2H), 3.23 (t, 1=6.6 Hz, 2H); Be NMR (CDCI3) o 5.31, 26.60, 
40.55 (d, 1=19.0 Hz) , 44.69, 90.52 (dm, 1=209 Hz), 120.3 (qd, 1=288, 27.0 Hz), 
199.1; 19f NMR (CDCI3) o -76.98 (d, 1=4.9 Hz, 6F), -182.8 (bs, IF); MS (70 
+ 
eV) mlz (rei intensity) 253 (M -I, 61), 211 (100), 155 (14), 95 (14), 69 (36), 42 
(19), 41 (27). Found: C, 25.51; H, 2.29%. Calcd for C8H8F7IO: C, 25.28; H, 
2.12%. 
6,6,7,7,8,8,9,9,10,10, 11 ,11 ,11-Tridecafluoro-1-iodo-4-undecanone (28a): 
Bp 100-105 oc (1 Torr, bath temp); IR (neat) 1729, 1345, 1241 , 1209, 1146 cm -1; 
1H NMR (CDCI3) o 2.07-2.20 (m, 2H), 2.78 (t, 1=6.9 Hz, 2H), 3.22 (t, 1=18.6 
Hz, 2H), 3.25 (t, J=6.7 Hz, 2H); 13 C NMR (CDCI3) o 5.26, 26.52, 43 .20 (t, 
1=22.1 Hz), 44.66, 198.4; 19f NMR (CDCl3) o- 81.45 (bs, 3F), - 111.5 (bs, 2F), 
-122.2 (bs, 2F), -123.4 (bs, 4F), -126.7 (bs, 2F); MS (70 eV) m /z (rei intensity) 
87 
+ 403 (M -1, 67), 362 (9), 361 (100), 341 (9), 197 {11), 169 {8), 155 (7), 69 (13), 41 
(8). Found: C, 24.85; H, 1.52%. Calcd for C 1 1H3F 13IO: C, 24.93; H, 1.52%. 
The React ion of 1-Trimethy1siloxy-1-cyclopropylethylene \\ ith Trifluoro-
methyl Iodide. CF3I(0.40 ml, 5.0 mmol) was collected m the nask pre-cooled 
to -78 °C. He~ane (2 ml), silyl enolate (0.16 g, 1.0 mmol) and Et38 (0.20 mmol) 
"ere added to CF3I and the mixture was warmed to 5 oc o'er 3 h. After 
c,·aporauon of solvent, the crude product was treated \\'ith coned aqueous HCI in 
THF. Purification by distillation gave 28c in 67% yield: Bp 65-70 oc (1 Torr, bath 
temp); 1R (neat) 1733, 1419, 1380, 1270, 1223, 1159, 1142, 1091,626 cm·l; lH 
NMR (CDCI3) 6 2.05-2.18 (m, 2H), 2.72 (t, 1=6.9 Hz, 2H), 3.24 {t, 1=6.6 Hz, 
2H), 3.26 {q, 1=10.4 Hz. 2H); Be NMR (CDCJ3) o 5.55, 26.30, 43.59, 46.18 (q, 
1=28.3 Hz), I 23.4 (q, 1=277 Hz), 198.6; 19F NMR (CDCI3) o -62.85 (t, 1=9.8 
Hz); MS (70 eV) m/: (rei intensity) 153 (M+ -I, 58), 127 (7), Ill ( 100), 91 (6), 83 
(12), 42 (9), 41 ( 11), 39 (8). Found: C, 25.57; H, 2.79%. Calcd for C6H8F3IO: C, 
25.74; H, 2.88%. 
Preparation of Ketene Silyl Acetals. The following ketene silyl acetals 
were prepared by the reported procedure.9.16) The physical data for 1-hexyloxy-2-
methyl-1-trimethylsiloxy-1-propene (40) is described in the literature.l7) The 
physical data for other compounds are shown below. 
1-Butoxy-1-{t-butyldimethylsiloxy)ethy lene (29) : Bp 66-68 oc (2 Torr); 
IR (neat) 2958,2930, 1653, 1277, 1254,837, 784 cm·l; 1H NMR (CDCI3) o 0.17 
(s, 6H), 0.93 (s, 9H), 0.94 (t, 1=7.3 Hz, 3H), 1.33-1.52 (m, 2H), 1.59-1.72 (m, 2H), 
3.06 (d, 1=2.3 Hz, IH), 3.22 (d, 1=2.3 Hz, IH), 3.68 (t, 1=6.4 Hz, 2H); 13c NMR 
(CDCI3) o -4.56, 13.73, 18.09, 19.31, 25.62, 30.95, 60.32, 67.48, 161.5; MS (70 
eV) m/: (rei intensi ty) 230 (M+, 9), 174 ( 14), 159 (13), 131 (78), 117 (91), 75 
( 100). 73 (67), 57 (15), 43 (14), 41 (23). Found: C. 62.27; H, 11.62%. Calcd for 
C12H2602Si: C, 62.55; H, 11.37%. 
88 
1-{t-Buty ldimethylsiloxy)-1 -octy loxyethylene (32): 8 p I 14-1 17 oc ( 2 
Torr); IR (neat) 2954, 2928,2856, 1651, 1276, 1254, 829, 785 em· I; IH ~ lR 
(CDCI3) b 0.17 (s. 6H), 0.89 (t, 1=6.6 Hz, 3H), 0.93 (s. 9H), 1.28 (bs. IOH). 
1.60-1.73 (m, 2H). 3.05 (d, 1=2.3 Hz, lH). 3.22 (d, 1=2.3 H7, I H). 3.67 (t. 1-6.5 
Hz. 2H); I3c NMR (CDCJ3) o -4.54, 14.07, 18.13, 22.65, 25.63. 26. I I, 28.89, 
29.22 (two peaks), 31.80, 60.32, 67.78, 161.5; MS (70 eV) m/: (rei tntcnstt~) 286 
(M+, 2), 187 (28), 175 (18), 119 (17), 117 (100), 75 (67), 73 (44). 43 (23). Found: 
C, 67.23; H, 12.23%. Calcd for C 1<SH3402Si: C, 67.07; H, 11.96%. 
1-Butoxy- 1-(trimethylsiloxy)ethylene (34): Bp 95-101 oc (39 Torr); lR 
(neat) 2960, 1657, 1278, 1252, 1088, 1023,849,757 cm-1; IH NMR (CDCI3) b 
0.22 (s, 9H), 0.94 (t, 1=7.2 Hz, 3H), 1.34-1.52 (m, 2H), 1.60-1.73 (m, 2H), 3.06 (d, 
1=2.5 Hz, 1H), 3.21 (d, 1=2.5 Hz, 1H), 3.70 (t, 1=6.4 Hz, 2H); 13c NMR 
(COCI3) o 0.05, 13.69, 19.26, 30.91, 60.03, 67.54, 161.2; MS (70 eV) m /: (rei 
intensity) 188 (M+, 3), 131 (26), 117 (94), 75 (100), 73 (97), 72 (23), 57 (22), 56 
(41), 45 (26), 43 (80), 41 (43). Found: C, 57.20; H, 10.91%. Calcd for 
C9H2o02Si: C, 57.40; H, 10.70%. 
1-(Trimethy lsiloxy)-1-octyloxyethylene (35): Bp 91-96 °C (I Torr); I R 
(neat) 2956,2926,2854, 1656, 1277, 1252, 1019,848 cm·1; lH NMR (CDCI3) b 
0.22 (s, 9H), 0.88 (l, 1=6.5 Hz, 3H), 1.28 (bs, lOH), 1.60-1.73 (m, 2H), 3.05 {d, 
1=2.5 Hz, I H), 3.20 (d, 1=2.5 Hz, I H), 3.68 (t, 1=6.5 Hz, 2H); 13c NMR 
(CDCI3) o 0.08, 14.03, 22.62, 26.09, 28.87, 29.22 (two peaks), 31.78, 60.03, 67.85, 
161.2; MS (70 eV) ml: (rei intensity) 244 (M+. 2), 187 (20), 133 (42), 117 ( 100), 
75 (43), 73 (48), 56 (21 ), 43 (51), 41 (23). Found: C, 63.62; H , 11.51%. Calcd for 
C 13H2302Si: C, 63.88; H, 11.55%. 
1-Methoxy-1-(trimethy lsiloxy)-1-hexene (36, (E):(Z) = 83:17) : Bp 
102-105 oc (36 Torr); IR (neat) 2956, 1682, 1254, 1227, 1174, 1089, 906, 845 
cm-1; 1 H NMR (CDCI3) o 0.19 (s, 1.53H), 0.23 (s, 7.47H), 0.89 (t, 1=6.8 Hz, 3H), 
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J .25-1.40 (m. 4H}, 1.90-2.01 (m, 2H). 3.47 (t. 1=6.8 HL, 0.17). 3.48 (s. 0.51H). 
3.5:! {s, 2.49H). 3.67 (t, 1=7.1 Hz, 0.83H); 13c NMR for (£)-isomer (CDCI3) o 
-0.32, 13.92, 22.20, 24.10, 32.91, 54.76, 85.33, 153.5; MS (70 eV) m/-;. (rei 
mtcnstt)) 202 (M +, 8), 159 (47), 89 (19), 73 (58), 59 ( 11 ), 55 ( 1 00), 45 (11). 
Found: C, 59.47; H, 11.22%. Calcd for C1oH2202Si: C, 59.35; H, 10.96%. 
1-Methoxy-1-(trimethylsiloxy)-1-octene (38, (E):(Z) = 88:12): Bp 68-70 
oc (I Torr); IR (neat) 2956,2922,2852, 1682, 1253, 1227, 1170, 1091,902,845 
cm·l; I H NMR (CDCI3) b 0.19 (s, 1.08H). 0.23 (s. 7.92H), 0.88 (t, 1=6.5 Hz, 3H), 
1.28 (bs, 8H), 1.89-2.03 (m, 2H), 3.47 (t, 1=6.8 Hz, 0.12H}, 3.48 (s, 0.36H), 3.51 
(s, 2.64H), 3.67 (t, 1=7.3 Hz, 0.88H); 13c NMR for (E)-isomer (CDCI3) o -0.30, 
14.07, 22.68, 24.43, 28.85, 30.67, 31.78, 54.78, 85.42, 153.5; MS (70 eV) mlz (rei 
intenstty) 230 (M+, 10), 160 (11), 159 (75}, 89 (16), 73 (52), 59 (11), 55 (100), 41 
(l 1 ). Found: C, 62.68; H, 11.63%. Calcd for C 12H 2602Si: C, 62.55; H, 11.37%. 
1-(3-Butenyloxy)-1-(trimethylsiloxy)ethylene (42): Bp 90-91 oc (39 Torr); 
IR (neat) 2958, 1653, 1277, 1253, 1088, 1018, 990, 911,847,758 cm·1; 1H NMR 
(CDct3) o 0.22 (s, 9H), 2.43 (qt, 1=6.7, 1.3 Hz, 2H), 3.07 (d, 1=2.6 Hz, 1H), 3.23 
(d, 1=2.6 Hz, 1H), 3.75 (t, J=6.7 Hz, 2H), 5.08 (ddt, 1=10.2, 1.8, 1.3 Hz, 1H), 
5.13 (ddt, 1=17.0, 1.8, 1.3 Hz, 1H), 5.84 (ddd, 1=17.0, 10.2, 6.7 Hz, lH); 13c 
NMR (CDCI3) o 0.09, 33.28, 60.26, 67.00, 117.0, 134.4, 161.0; MS (70 eV) ml-:.. 
(rei intensi ty) 186 (M+. 3), 101 (21), 75 (61), 73 (100), 55 (73), 54 (85}, 43 (45). 
Found: C, 57.74; H, 9.82%. Calcd for Csti 1802Si: C, 58.02; H, 9.74%. 
The Reaction of 1-Butoxy-1-(t-butyldimethylsiloxy)ethylene with 
Perfluorohexyl I odide in the Presence of 2,6-Dimethylpyridine (Procedure A). 
This reaction gave a mixture of 30a and 31 in 37% and 10% yield respectively. 
Butyl3,3,4,4,5,5,6,6,7,7,8,8,8- tridecalluorooctanoate (30a): Bp 76-81 oc (7 Torr, 
bath temp); IR (neat) 2964, 1754, 1396, 1353, 1241, 1208, 1146, 1122, 1064, 709, 
628 cm·l; 1 H NMR (CDCI3) o 0.94 (t, 1=7.2 Hz, 3H), 1.31-1.49 (m, 2H), 
90 
1.57-1.73 (m, 2H), 3.14 (t, 1= 17.7 H:z., 2H), 4.20 (t, 1=6.6 H1, 2H); t3c NMR 
(CDCI3) b 13.53, 18.94, 30.37, 37.02 (t, 1=22.5 HL), 65.91, 163.9; 19F NMR 
(CDCI3) o -81.34 (ll, 1=7.4, 3.0 HL, 3F), -111.6--112.6 (m, 2F), -112.1 (bs, 2F), 
+ 
-123.4(bs,4F),-126.3--126.8 (m, 2F); MS (70 cV) m/: (reltntcnSil)) 434 (M , 
0.2), 361 (26), 69 (18}, 57 (42), 56 (100), 55 (12), 41 (35). Found: C, 33.45; H. 
2.46%. Calcd for C 12H 11F 1302: C, 33.20; H, 2.55%. (E)-Butyl 3,4,4,5,5,6,6,7,7, 
8,8,8-Dodecanuoro-2-octenoate (31): Bp 83-88 oc (13 Torr, bath temp); 1R (neat) 
2964, 1736, 1702, 1350, 1275, 1239, 1206, 1143, 1 114, 723, 644 em -1; I H NMR 
(CDCI3) b 0.96 (t, 1=7.3 Hz, 3H), 1.33-1.51 (m, 2H), 1.60-1.76 (m, 2H), 4.24 (t, 
1=6.6 Hz, 2H), 6.00 (d, 1=29.8 H:z., lH); 13c NMR (CDCI3) b 13.45, 19.02, 
30.44, 65.64, 107.2 (t, 1=4.0 Hz), 161.6 (d, 1=2.7 Hz); 19F NMR (CDCI3) b 
-81.14--81.43 (m,3F), -107.7--108.7 (m, 1F), -118.9--119.4 (m, 2F), -123.2 
(bs, 4F), -126.6 (bs, 2F); MS (12 eV) mlz (rei intensity) 359 (M+-C4H7. 6), 341 
(5), 57 (5), 56 (100), 55 (2). Found: C, 35.02; H, 2.49%. Calcd for C12H 1oF 1202: 
C, 34.80; H, 2.43%. 
The Reactions of K etene Silyl Acetals with Perfluorohexyl I odide without 
Base (Procedur e B). Following procedure for the reaction of ketene r-
butyldimethylsilyl acetal derived from butyl acetate with n·C6F 13l is typtcal. 
Under argon atmosphere, Et3B was added to a solution of ketene silyl acetal (29, 
456 mg, 1.98 mmol) and n-C6F13I (440 mg. 0.99 mmol) in hexane (4.9 ml). After 
stirring for 10 min, saturated aqueous NaHCO) (5 ml) was added to the reaction 
mixture. The mixture was vigorously stirred for 40 min, then poured into water (30 
ml) and extracted with hexane (30 mL x 2). The combined organic layer was dried 
over anhydrous Na2S04 and concentrated in vacuo. The residual otl was purified 
by silica-gel column chromatography to give 30a in 87% yield. 
Methyl 2-Butyi-3,3,4,4,S,S,6,6,7,7,8,8,8-tridecanuorooctanoate (37a): Bp 
98-103 oc (20 Torr, bath temp); IR (neat) 2964, 2936, 2870, 1757, 1458, 1437, 
91 
1350, 1239, I 194, 1145, 1116,712,695,652 cm-1; IH NMR (COCI3) o 0.91 (t. 
1=6.8 HI, 3H). 1.21-1.47 (m, 4H), 1.74-2.07 (m. 2H). 3.06-3.29 (m, I H), 3.78 (s, 
3H); 13c NMR (CDCI3) o 13.42, 22.19, 24.87, 28.98, 48.15 (dd, 1=22.6, 20.6 
Hz). 52.28, 168.1 (d. 1=7.8 Hz); 19f" NMR (CDCI3) o -81.32 (t, 1=9.8 HL, 3F), 
-113.7 (dm, 1=266 H1., IF), -116.4 (dm, 1=266 Hz. IF). -121.8--122.4 (m, 4F), 
-123.3 (bs, 2F),- 126.3-- 126.9 (m. 2F); MS (70 eV) mlz (rei intensity) 448 (M+, 
0.1}, 392 (I 1), 129 (16), 123 (100), 91 (13), 88 (14), 87 (12), 69 (14), 59 (68), 57 
(I I ), 55 (24), 43 ( 13), 42 (14), 41 (21). Found: C, 34.82; H, 2.84%. Calcd for 
C13H 13F1302: C, 34.84; H, 2.92%. 
Hexyl 3,3,4,4,5,5,6,6, 7, 7 ,8,8,8-Tridecafluoro-2,2-dimethyl-octanoate ( 41 a) : 
Bp 69-74 oc (2 Torr, bath temp); IR (neat) 2960,2932, 2862, 1746, 1477, 1277, 
1241, 1195, I 177, 1147, 1112, 1063,697,658 cm-1; lH NMR (CDCI3) o 0.89 (t, 
1=6.5 H7, 3H), 1.23-1.42 (m, 6H), 1.46 (s, 6H), 1.57-1.71 (m, 2H), 4.14 (t, 1=6.5 
Hz, 2H); 13c NMR (CDCI3) o 13.74, 19.99, 22.48, 25.46, 28.29, 31.34, 48.48 (t, 
1=20.8 Hz), 66.02, 170.6 (t, 1=3.1 Hz); 19F NMR (CDCI3) o -81.33 (tt, 1=9.9, 
2.5 Hz, 3F), - 114.7 (bs, 2F), - 118. 1 (bs, 2F), -112.4 (bs, 2F), -123.1 (bs, 2F), 
- 126.3-- 126.8 {m, 2F); MS (12 eV) mlz (rei intensity) 407 (M+-C6H11 , 15), 85 
(49), 84 (100), 69 (9), 57 (1 1), 56 (37), 43 (51). Found: C, 39.22; H, 3.89%. Calcd 
for C 16H 19F1302: C, 39.20; H, 3.91%. 
The Reaction of Ketene Silyl Acetals with Perfluoroisopropyl Iodide. 
Et3B (0.2 mmol) was added to a solution of ketene silyl acetal (2.0 mmol) and i-
C3F7l ( l.O mmol) in hexane (5 ml) at 0 °C. A f ter an addi tion of Et3B, the reaction 
mixture was immediately warmed up to room temperature and stirred for 
appropriate time gi\'en in Table 3. Work-up and purification were performed 
according to Procedure B. In the case of ketene trimethylsily1 acetals 34 or 35, 
butyl or octyl 2-( trimethyl si lyl)acetate \\'as obtained as by-product. These 
trimethylsilylacetates could be produced by isomerization of staning ketene acetals 
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34 and 35 under the reaction conditions. Tetrabutylammomum nuoridc (TBA F. 1.0 
mmol per 1.0 mmol of ketene sllyl acetal) was added to the rea<.:tton ml\turc pnor to 
work-up to remm e these by-products from pernuoroalkylatcd e!-.tcrs 30 and 33. 
Thus, TBAF \\aS added and the resulting mi'\ture \\aS stirred for 10 mm at room 
temperature. The resulting mi:\ture "as poured into aqueous NH4CI (saturated 
aqueous NH4CI:water = 1: 10). Extraction and purification b) sthca-gcl column 
chromatography pro\'ided the desired pernuoroalkylated esters. 
Butyl 3,4,4,4-Tetrafluoro-3-trinuoromethylbutanoate (30b): Bp 68-73 oc 
(36 Torr, bath temp); IR (neat) 2962, 1753, 1346, 1296, 1229, 1202, 1168, 1129, 
1060, 1004,703 cm-1; l H NMR (CDCI3) o 0.94 ( t, 1=7. 1 Hz, 3H), 1.30-1.48 (m, 
2H), 1.57-1.71 (m, 2H), 3.07 (d, 1=20.4 Hz, 2H), 4.17 (t, 1=6.6 Hz, 2H); Be 
NMR (COCI3) o 13.46, 18.91, 30.26, 34.21 (d, 1=19.8 Hz), 65.96, 89.98 (dm, 
1=211 Hz), 120.4 (qd, 1=288, 27.9 Hz), 164.4 (d, 1=2.5 Hz); 19F NMR (CDCI3) 
o-77.25(d,1=7.3 Hz, 6F), -182.9 (tsep, 1=20.1, 7.3 Hz, IF); MS (70 eV) m/: 
(rei intensity) 284 (M+, 0.6), 255 (3), 229 (5), 212 (6), 211 (100), 191 (2), 163 (2), 
56 (3). Found: C, 38.26; H, 3.94%. Calcd for C9H 11FP2: C, 38.04; H, 3.90%. 
Octyl 3,4,4,4-Tetrafluoro-3-trifluoromethylbutanoate (33a): Bp 69-74 oc 
(1 Torr, bath temp); IR (neat) 2958, 2930, 2860, 1754, 1347, 1296, 1230, 1202, 
1169,1061, 1006,703 cm-1; IH NMR(CDCI3) o 0.89 (t, 1=6.5 Hz, 3H), 1.28 (bs, 
lOH), 1.59-1.73 (m, 2H), 3.06 (d, 1=20.4 Hz, 2H), 4. 16 (t, 1=6.7 Hz., 2H); 13c 
NMR (CDCI3) o 13.94, 22.60, 25.69, 28.26, 29.1 1 (two peaks), 31.75, 34.22 {d, 
1=19.9 Hz), 66.24, 89.99 (dm, 1=2 11 Hz), 120.4 (qd, 1=288, 28.2 Hz), 164.4; 
19f" NMR (CDCI3) o -77.23 (d, 1=6.9 Hz, 6F), - 182.9 (tsep, 1=20.2, 6.9 Hz, 1 F); 
MS (12 eV) mlz (rei intensity) 229 (M +-C3H15· 12), 112 (55), 84 ( 100), 83 (81), 
82 (30), 70 (84), 69 (34), 68 (29), 56 (52). Found: C, 46.06; H, 5.81 %. Calcd for 
C 13H 19F702: C, 45.89; H. 5.63%. 
Methyl 2-(Perfluoroisopropyl)hexanoate (37b): Bp 78-83 oc (50 Torr, 
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bath temp); IR (neat) 2962,2934,2878, 1757, 1460, 1439, 1282, 1222, 1169, 1135, 
1111, 1092, 984, 720 cm-1; 1 H NMR (COCI3) o 0.91 (t, 1=7.0 Hz, 3H), 1.15-1..50 
(m, 4H), 1.69-1.86 (m, 1H), 1.91-2.12 (m, I H), 3.10-3.24 (m, 1H), 3.77 (s, 3H); 
13c NMR (CDCJ3) o 13.56, 22.12, 25.44, 29.84, 46.90 (d, 1=20. 1 Hz), 52.51, 
91.53 (dm, 1=208 Ht:), 120.7 (qd, 1=289, 29.9 Hz.). 168.3 (d, 1=6.0 Ht:); 19F 
NMR (CDCI3) o -74.04 (d, 1=7.3 Hz, 6F), -178.6 (dsep, 1=12.2, 6.1 Hz., IF); MS 
(70eV) mk. (rei in tensi ty) 298 (M+, 0.2), 267 (23), 255 (21), 242 (80), 173 (100), 
141 (1 1), 129(18), 59(13). Found: C, 40.25; H, 4.54%. Calcd for C]QHJ3F702: 
C, 40.28; H, 4.39%. 
Methyl 2-(Perfluor oisopropyl)octanoate (39a): Bp 85-90 °C (24 Torr, bath 
temp); IR (neat) 2958, 2930, 2860, 1757 , 1459, 1439, 1302, 1229, 11 68, 1134, 
1114, 1093,976,718 cm-1; lH NMR (CDCI3) o 0.89 (t, 1=6.5 Hz., 3H), 1.28 (bs, 
8H), 1.67-1.89 (m, 1H), 1.92-2.13 (m, l H), 3.09-3.23 (m, lH), 3.77 (s, 3H); 13c 
NMR (CDCI3) b 13.77, 22.41, 25.69, 27.67, 28.64, 31.38, 46.90 (d, 1=20.2 Hz.), 
52.39, 91.48 (dm, 1=209 Hz), 120.6 (qd, 1=287, 27.0 Hz), 168.0-168.2 (m); 19F 
NMR (COCI3) b -74.03 (d, 1=6. 1 Hz, 6F), -178.7 (dsep, 1=13.4, 6.1 Hz, IF); MS 
(70 eV) m/z (rei intensi ty) 326 (M+, 2), 297 (25), 295 (13), 255 (58), 242 (100), 
173 (91), 59 (17), 55 (14), 43 (17), 4 1 (16). Found: C, 43.96; H, 5.27%. Calcd for 
C 12H 17F70 2: C, 44. 18; H, 5.25%. 
Hexyl 3,4,4,4-Tetrafluoro-2,2-dimethyl-3-trifluor omethylbutanoate ( 41 b): 
Bp 72-77 oc (3 Torr, bath temp); IR (neat) 2958,2932, 2860, 1743, 1472, 1287, 
1228, 11 90, 1166, 1149, 11 16, 1033,995,726 cm-1; l H NMR (COCJ3) b 0.90 (t, 
1=6.6 Hz, 3H), 1.26-1.45 (m, 6H), 1..50 (s, 6H), 1.58-1.74 (m, 2H), 4.12 (t, 1=6.6 
Hz., 2H); 13c NMR (CDCI3) b 13.84, 21.23, 22.46, 25.44, 28.15, 3 1.29, 46.54 (d, 
1=19.0 Hz), 66.23, 93.87 (dm, 1=216 Hz), 121.2 (qd, 1=289, 28.7 Hz), 171.4; 
19f NMR (COCI3) b -70.76 (d, 1=4 .9 Hz, 6F), -178.0 (bs, IF); MS (12 eV) ml:. 
(rei intensity) 257 (M+ -C6H 11· 27), 85 (65), 84 (62), 69 ( 11), 57 (24), 56 (32), 43 
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(100). Found: C, 45.93; H, 5.81 %. Calcd for C 13H 19F702: C, 45.89; H, 5.63t7c. 
The Reaction of Ketene Silyl Aceta ls with Trifluor omethyllodide. 
CF31 ( 1.0 mmol) was introduced into the flask pre-cooled to- 78 °C, then he\anc 
(5.0 ml) and ketene silyl acetal (2.0 mmol) "ere added to the flask. Et38 (0.2 
mmol) was added and the reaction mi"\ture was immediately "armed up to room 
temperature. After stirring for several hours (Table 3), extracti\e work-up folk)\\ ed 
by purification gave the corresponding trifluoromethylated ester. 
Octyl 3,3,3-Trifluoropr opanoate (33b): Bp .56-61 oc ( l Torr, bath temp); 
IR(neat)2956,2926,2856, 1754,1418,1399,1364,1269, 1221,1119 cm-1; 1H 
NMR (COCl3) o 0.89 (t, 1=6.5 Hz, 3H), 1.28 (bs, lOH). 1.59-1.74 (m, 2H), 3.17 
(q, 1=10.1 Hz, 2H), 4.18 (t, 1=6.7 Hz, 2H); 13c NMR (COCI3) b 14.01, 22.60, 
25.69, 28.34, 29.09 (two peaks), 3 1.72, 39.66 (q, 1=30.9 Hz), 65.95, 123.4 (q, 
1=277 Hz), 164.1 (q, 1=4.2 Hz.); 19f NMR (COCI3) o -64.02 (t, 1=10.4 Hz); MS 
(70 eV) mlz (rei intensity) 129 (M+·CgH15· 6), 112 (23), 84 (94), 83 (73), 70 
(100), 69 (45), 68 (30), 56 (73). Found: C, 55.21; H, 8.13%. Calcd for 
Ct1Ht9F30:r C, 54.99; H, 7.97%. 
Methyl 2-T rifluoromethyloctanoate (39b): Bp 78-83 °C (24 Torr, bath 
temp); IR (neat) 2956, 2928, 2860, 1755, 1459, 1439, 1354, 1272, 1209, 1165, 
1126,1107 cm-1; lH NMR (COCl3) b 0.89 (t, 1=6.4 Hz, 3H), 1.21-1.41 (m, 8H), 
1.67-2.01 (m, 2H), 3.1 1 (dqd, 1=9.9, 8.4, 4.8 Hz, l H), 3.78 (s, 3H); 13c NMR 
(CDCI3) o 13.87, 22.44, 26.11, 26.70, 28.74, 31.37, 50.28 (q, 1=27.4 Hz), 52.44, 
124.7 (q , 1=280 Hz.), 168.2 (q, 1=2.7 Hz.); 19F NMR (COCI3) b -68.86 (d, 1=8.5 
Hz.); MS (12 eV) mlz (rei intensity) 226 (M+. 0.3), 155 (23), 143 (13), 142 (100), 
116 (27), 115 (18), 85 (27), 84 (16). Found: C, 53.05; H. 7.82%. Calcd for 
C10H 17F30 2: C, 53.09; H, 7.57%. 
Hexyi 3,3,3-Trifluoro-2,2-dimethylpropanoate (4 lc): Bp 58-63 oc (5 Torr, 
bath temp); IR (neat) 2956,2932,2860, 1745, 1476, 1401, 1282, 1206, 1152, 1119 
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cm·l; IH NMR (COCI3) o 0.89 (l, 1=6.6 Hz, 3H), 1.~4-1.39 (m, 6H), 1.42 (s, 
6H), 1.58-1.73 (m, 2H), 4.16 (t, 1=6.6 Hz, ~H); 13c NMR (CDCI3) o 13.87, 
19.67, 2~.46. ~5.36, ~8.3~. 31.28, 48.45 (q, 1=~5.5 Hz), 65.84, 1~6.4 (q, 1=:!32 
H1), 170.5; 19F NMR (CDCI3) o -75.4~ (s); MS (I~ eV) ml:. (rei intensity) 157 
+ (M - C6H 11, 3 1 ), 139 (8), 85 (32), 84 ( 100), 69 (~4), 57 ( 13), 56 (68), 43 (50), 42 
(9). Found: C, 55.09; H, 8.18%. Calcd for C 11H 19F302: C, 54.99; H, 7.97%. 
T he Reaction of Ketene Silyl Acetals with 2,2,2-T rifluor oethyl I odide. 
The reactions were performed according to Procedure B. 
Octy l 4,4,4-Trifluor obutanoate (33c): Bp 7~-77 oc (1 Torr, bath temp); 1R 
(neat) 2958, 2928, 2858, 1744, 1332, 1265, 1230, 1192, 1145, 1112, 985 em -1; lH 
NMR (COCI3) o 0.89 (t, 1=6.5 Hz, 3H), 1.30 (bs, lOH), 1.57-1.71 (m, 2H), 
2.33-2.63 (m, 4H), 4.11 (t, 1=6.7 Hz, :!H); 13c NMR (CDCJ3) o 13.99, 22.60, 
25.83, 27.09 (q, 1=3.3 Hz.), 28.50, 29.14 (two peaks), 29.35 (q, 1=29.6 Hz.), 31.74, 
65.26, 126.5 (q, 1=277 Hz), 170.9; 19f; NMR (COCI3) o -67.56 (t, 1=10.4 Hz); 
MS (12 eV) m l:. (rei intensity) 143 (M+-C8HJs. 27), 112 (44), 84 (96), 83 (83), 
82 (24), 70 (100), 69 (36), 68 (23), 56 (59). Found: C, 56.84; H, 8.61 %. Calcd for 
C12H21F302:, C, 56.68; H, 8.32%. 
M ethy l 2-(2,2,2-Trifluoroethyl)octanoate (39c): Bp 88-93 oc (24 Torr, 
bath temp); IR (neat) 2954,2928,2858, 1744, 1438, 1381, 1260, 1203, 1153, 1126, 
1096 cm·l; 1 H NMR (CDCI3) o 0.88 (t, 1=6.5 Hz., 3H), 1.27 (bs, 8H), 1.45-1.77 
(m, 2H), 2.05-2.33 (m, lH), 2.47-2.77 (m, 2H), 3.72 (s, 3H); 13c NMR (CDCI3) o 
13.97, 22.49, 26.68, 28.86, 31.51, 32.52, 35.87 (q, 1=29.1 Hz), 39.34, 51.96, 126.2 
(q, 1=277 Hz), 174.6; 19F NMR (CDCI3) o -65.93 (t, 1=10.4 Hz); MS (70 eV) 
mlz (rei intensity) 240 (M+, 0.9), 169 (18), 156 (100), 87 (42), 59 (22), 57 (11), 55 
(18), 43 (18), 41 (21). Found: C, 54.70; H, 8.18%. Calcd for C 11H 19F302: C, 
54.99; H, 7.g'7%. 
T he R eaction of 42 with Perfluor ohexyl I odide. Following the 
96 
procedure B, treatment of ketene silyl acetal 42 \\ ith n-C 6F 131 pro' 1dcd a c~ cl1tcd 
product 43 (109c) and pernuoroalkylated ester 44 (509c). 3-l0domcth)l-2 -
(2,2,3,3,4,4,5,5,6,6,7,7,7-tndccafl uorohept) 1)-2-(tnmeth) I silo\) )o\olanc (43)· Bp 
93-98 oc (1 Torr, bath temp); IR (neat) ~956, 2894, 1363, 1234, 11-U>, 1123. IOIR, 
908,845,719,709,634 cm-1; IH NMR (COCI3) o 0.14 (s, 9H}, 1.73- 1.9-l (m, 
1H), 2.28-2.76 (m, 4H), 3.04 (dd, 1=10.~. 9.9 Hz, 1H), 3.38 (dd, 1=9.9, 4.2 Ht, 
lH), 3.81 (ddd, 1=10.6, 8.6, 6.2 Hz, lH), 4.01 (ddd, 1=8.6, 8.3, 2.0 Ht., I H); l3c 
NMR (COCI3) o 1.06, 3.54, 32.86, 39.10 (t, 1=20.0 Hz), 51.10, 65.81, 103.7; 19F 
NMR (COCI3) o -81.31 (lt, 1=9.8, 3.0 Hz, 3F), -112.7--114.1 (m, 2F), -122.1 (bs, 
2F), -123.4 (bs, 2F), -124.0 (bs, 2F), -126.3--126.8 (m, 2F); MS (J~ eV) ml-:. (rei 
intensity) 632 (M+, 0.1), 618 (12), 506 (21), 505 (100), 489 (8), 304 (6), 303 (49), 
299 (15), 55 (54). Found: C, 28.72; H, 2.96%. Calcd for C 15H nf 13I02Si: C, 
28.49; H, 2.87%. 3-Butenyl 3,3,4,4,5,5,6,6,7,7,8,8,8-tridecanuorooctanoate ( 44): 
Bp91-96°C (27Torr, bath temp); IR (neat) 1755, 1352, 1241 , 1207, 1145, I 122, 
709, 628 cm·l; 1 H NMR (COCI3) o 2.43 (qt, 1=6.7, 1.3 Hz, 2H), 3.14 (t, 1=17.5 
Hz., 2H), 4.26 (t, 1=6.7 Hz., 2H), 5.11 (ddt, 1=10.2, 1.7, 1.3 Hz, 1 H), 5.13 (ddt, 
1= 17.1, 1.7, 1.3 Hz, 1H), 5.78 (dd t, 1=17.1, 10.2, 6.7 Hz, I H); 13c NMR 
(CDCI3) o 32.81, 36.92 (t, 1=22.5 Hz), 64.99, 117.5, 133.3, 163.8; 19F NMR 
(CDCI3) o -81.31 (lt, 1=6.9, 3.0 Hz, 3F), -111.6-- 112.5 (m, 2F), -I 22.2 (bs, :!F), 
-123.3 (bs, 4F), -126.3--126.8 (m, 2F); MS (12 eV) m/z (rei intensity) 432 (M+, 
2), 362 (9), 361 (100), 341 (16), 55 (5), 54 (93). Found: C, 33.49; H, 2.23%. Calcd 
forC12H9F1302: C, 33.35; H, 2.10%. 
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Triethylborane Induced Radical Reaction 
of Ketene Silyl Acetals with Polyhalomethancs 
The treatment of ketene si lyl acetal with tetrahalomethane or trihalomethane 
at room temperature in the presence of a catalytic amount of Et38 provides 3,3-
dihaloacrylate or (E)-3-haloacrylate, respecti\·eJy. On the other hand, a reaction at 
-23 oc mainly gives 3,3,3-trihalopropanoate or 3,3-dihalopropanoatc. 
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The addition of alkyl radicals to alkenes is one of the most important 
methodologies for synthesiL.ing aliphatic C-C bonds' ia radical reactions. Rccenlly, 
the de' clopment of a more efficient inter- o r intramolecular radical addiuon has 
been the obJect of research in many Jaboratories. 1> Previously, we reported2) that 
B3B3> induced a radical addition of pernuoroalkyl iodides to ketone sllyl enol 
ether, g1ving 2-pcrfluoroalkylated ketones. Ketene silyl acetals are more electron-
rich olefins than ketone sllyl enol ethers, and are good acceptors of electrophilic 
carbon radicals, such as perOuoroalkyl radicals.2) Described herein is a further 
exploitation of this method regarding the reaction of polyhalomethanes4) with 
ketene silyl aceta Is. 5) 
(I ) Reaction of Ketene Silyl Acetals with T etrahalornethanes. The 
reaction of ketene silyl acetal ( la, 2.0 mmol) with CBrCI3 (1.0 mmol) at room 
temperature in the presence of Et38 (0.2 mmol) gave cetyl 3,3-dichloroacrylate (2a) 
in 93% yield (cq 1). 







Not ·only CBrCI3, but also CX4 (X = Cl, Br, 1) or CF2B r2 easily reacted 
with la to afford the corresponding octyl 3,3-dihaloaci)'late 2a, 2b, 2d , or 2c (Table 
1). 6) In the case of CF2Br2 (Entry 4 in Table 1), octyl 3-bromo-3,3-diOuoro-
propanoate (3c) was obtained in 5% yield as a by-product, along with 2c. The use 
of kete ne tnmethylsi lyl acetal (lb ) instead of la slightly increased the ratio of 
product 3 to 2. 
I02 
Table l . Reaction of Ketene Silyl Acetal with Tetrahalomethanca) 
Entry Ketene si I yl acetal Tetrahalo- Reaction Product (Y 1eld I <;f )h) 
methane time /h 2 3 
1 CBrCI3 0.5 2a (93) 3a (0) 
2 CC4 1.5 2a (79) 3a (0) OSIM~-t-Bu 
3 
==< CBq 3 2b (90) 3b (0) 
4 O-n-C8H17 C~Br2 0.5 2c (84) 3c (5) 1a 
C4 1 2d (40) 3d (O)c) 5 
6 CBrCI3 0.5 2a (78) 3a (4) 
7 =<OSIMea cc~ 1.5 2a (71) 3a (2) 
8 CBq 3 2b (87) 3b (0) O-n-C8H17 
9 1b CF2Br2 0.5 2c (74) 3c (10) 
10 CBrCI3 .., 2e (0) 3e (90) 
II OSIMe3 CC4 12 2e (0) 3e (56) 
12 r-< CBr4 12 1f (21) 3f (44)d) n-CsH13 OMe 
13 1c CF2Br2 2 2g (2) 3g (86) 
Me OSIMea 
CBrCI3 I2 3i (46) I4 >=< Me O-n-C6H13 
1d 
X H X n-CsH13 
>=< >=< X COO-n-C8H17 X COOMe 
£!: X:CI, 2b: X:Br, 2c: X=F, 2d: X:l 2e: X:CI, 2f: X=Br, ~: X=F 
X3CCH2COO-n-CeH17 X3CCH(n-C6H1a)COOMe CI3CC(MehCOO-n-CsHta 
~: X:CI, 3b: X:Br, 3d: X= I 3e: X:CI, 3f: X:Br ~ 
F2BrCCH2COO-n-C8H17 F2BrCCH( n-C6H1a)C00Me 
3c ~ 
103 
a) Ketene silyl acetal (2.0 mmol), tetrahalomethane ( 1.0 mmol), and Et3B (0.2 
mmol), were employed. b) Yields based on tetrahalomethane. Entryl-3, 8, 10, 11 
and 14 : Jsolated yields. Entry 4-7, 9, 12 and 13 : Yields are determined by the 
examination of 1 H-NMR of the mixture of 2, 3 and another product (Entry 5, 12) 
after purification. c) Octyl (E )-3-iodoacrylate (4d) was also obtained in 17% yield 
along with 2d. d) Methyl 2-(dibromomethyl)octanoate (Sf) was obtained in 4% yield 
in addition to 2f and 3f. 
Table 2. Reaction of Ketene Silyl Acetal "''ith CBrCIJ under Various Conditionsa) 
Entry Ketene si I yl acetal Reaction Reaction Yield /%b) 
/mmol temp/ oc time I h 2a 3a 
la (2.0) r. t. 0.5 93 0 
2 la (2.0) -23 1 37 58 
3 la (2.0) -78 sc) 5 55 
4 la (1.0) -23 1 32 19 
5 lb (2.0) r.t. 0.5 78 4 
6 1 b (2.0) -23 1 5 91 
7 1 b (2.0) -78 sc) <1 54 
8 lb ( 1.0) -23 1 5 64 
9 lb (1.5) -23 1 7 91 
a) Ketene silyl acetal (1.0-2.0 mmol), CBrCl3 ( 1.0 mmol), and Et3B (0.2 mmol) 
\\'ere employed. b) Yields were determined by the examination of 1H NMR of the 
mixture of 2a and 3a after purification. c) The reaction was stopped by the addition 
of galvinoxyl (0.0025 mmol) after stirring for 8 h. 
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The distribution of products 2 and 3 hea\'ily depends on the reaction 
temperature (Table 2). Whereas the reaction of 1 a with CBrCI3 at room 
temperature pro,·ided 2a exclusi\'ely, the reaction at -23 oc ga,·e 3a as a maJor 
product (2a:3a = 39:61). At -78 °C, the selectivi ty of products was impro,·cd and 
3a was obtained more than ten times as much as 2a (2a:3a = 9:91), even though the 
reaction proceeded slowly to afford the products in low yield (60%). A similar 
behavior has been obser\'ed in the reaction of lb with CBrCI3. When the reaction 
was performed at room temperature, 2a was mainly formed (2a:3a = 95:5). On the 
other hand, the reaction of lb at -23 oc or -78 oc gave 3a almost exclusi\'ely (2a:3a 
= 5:95 or <2:>98). The decrease in the amount of lb ( 1.5 mmol per 1.0 mmol of 
CBrCl3, Entry 9 in Table 2) did not influence the selectivity and yield of the 
products. However, the use of equimolar amounts of la or lb (Entry 4 and 8) 
resulted in a decrease of the yields and selecti\'ities. 
The reaction of a ketene silyl acetal bearing alkyl group substituent ( lc) with 
tetrahalomethanes afforded methyl 2-(trihalomethyl)octanoates (3e-g) as the major 
products, even at room temperature. Ketene silyl acetal ld reacted slowly with 
CBrCl3 to give 3i in poor yield because of its steric hindrance. 
(2) R eaction of Ketene Silyl Acetals with T riha lometh anes. The 
treatment of ketene silyl acetal ( la or lb ) with CHBr3 provided a mixture of octyl 
(£)-3-bromoacrylate (4b) and octyl 3,3-dibromopropanoate (5 b ). Although 
trihalomethane, such as CHXBr2 (X= Cl, F) or CHI3, as well as CH8r3, was 
applicable to this reaction, 7> CHCI3 did not react with la or lb. In any case, except 
for the reaction of CHFBr2 with la, 3-haloacrylate 4 was a major product at room 
temperature. Meanwhile, the reaction of any trihalomethane at -23 oc gave 5 
preferentially and improved the combined yields of adducts 4 and 5. The radical 
addition of trihalomethane to ketene silyl acetal ha,·i ng an alkyl substituent 1 c 
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a) Ketene silyl acetal (2.0 mmol), trihalomethane CHXY 2 ( 1.0 mmol) , and Et3B 
(0.2 mmol) in hexane (5 ml) were employed. b) Yields based on trihalomethane 
were determined by the examination of 1H-NMR of the mixture of 4 and S after 
purification . c) (Z )-isomer of 4a, 4b, or 4d was isolated in less than 2% yield. (Z )-
isomer of 4c, 4e, 4f, or 4g could no t be detected. d) Treatment of crude product with 
Et3N followed by purification afforded only 4. e) 4a or 4e was obtained along with 
4b (5%) or 4f (6%), respectively. t) At -23 °C, the reaction with CHI3 is , ·ery slow. 
g) Diastereomenc mixture. Se; (50: 50), Sg; (55: 45). 
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proceeded slov .. ly and produced mainly S, e,·en at room temperature. 
3,3-Dihalopropanoates 5 were easily transformed into ( l.:)-3-haloacr) lates 4 
by dehydroha1ogenation "ith Et3N. Thus, the addition of tnhalomethanc to 1 a. 1 b . 
or lc followed by treatment of the crude product '' 1th Et3N afforded the 
corresponding 4; the o,·erall yields are shown in the last column of Table 3. 
As shown in Table 4, AIBN also induced a radical addition of CBrCI3 or 
CHBr3 to ketene sllyl acetal 1 a or lb to gi"e 2a or 4b as a s1ngle product, 
respectively, without any contamination by 3a or Sb , though the yields were lower 
than those of a Et3B-i nduced reaction, especially in the case of the CHBr3 reaction. 























Product (Y 1cld /o/c )0) 
2a (85) 
4b (28) 
2a (7 1) 
4b (18) 
a) Ketene si lyl acetal (2.0 mmol), polyhalomethane (1.0 mmol), and AIBN (0. 1 
mmol) were employed. All reactions were carried out at 80 oc in benzene. b) 3a or 
Sb could not be detected. 
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(3) Reaction of Ketene Silyl Aceta Is with 1, 1,1-Tribromopropane or 
Ethy l Oibro moacetate. The use of 1, I, 1-tribromopropane8> or ethyl 
d1bromoacetate in place of polyhalomethanes resulted in the formation of the 
corre<;ponding 3-bromo-2-pentenoate (6) or fumarate (8) as a major product (eq 2, 
3). These pol) halo compounds were less reacti\ e than polyhalomethanes and the 
y1elds of products were somewhat poor. 
Et3B ~ Et>=<COOR + Et>=<H + 
1 + EtCBr3 EtCBr2CH2COOR (2) Hexane Br H Br COOR 
r.t., 15h (E)~ (Z)~ 
.1 
1a 35% 22% 19% 
R = n-CeH17 
1b 37% 16% B% 
Et3B EtOOC H 
1 + Br2CHC00Et >=< + Et00CCH(Br)CH2COOR (3) 
Hexane H COOR 
r.t., 15h B 9 
1a 39% 5% 
R = n-C8H17 
1b 38% 7% 
(4) Mechanism. In the presence of a radical scavenger, such as 
galvinoxyl,9) Et38 did not initiate the reaction of ketene silyl acetal la with 
CBrCI3. In addition, AIBN, as well as Et38, induced a reaction a t 80 oc. These 
results support the idea that the Et38-induced reaction includes a radical chain 
mechanism. Moreover, the formation of octyl acetate and r-BuMe2SiX (X = Br, 
Cl) was observed in addition to 2a and 3a in the reaction of Ia and CBrCI3. Thus, 
we were tempted to assume the following reaction mechanism for the formation of 
2a or 3a (Scheme 1): (1) Ethyl radical, generated by the action of molecular oxygen 
on Et38. JO) abstracts bromine from CBrCI3 to give •CCI3; (2) the addition of •CCl3 
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to ketene sil yl acetal ( 1) provides a new radical intermediate ( 1 0) '' h1ch is a carbon 
radical bearing OR and OS1Me2R' groups; 2a) (3) intcm1edJate 10 Jbstracts brmmne 
from CBrCl3 to afford an unstable bromide ( 11 ) and regenerates •C'Cl3; (4) 
elimination of Sll) I bromide leads 11 to 3,3,3-tnchloropropanoatcs ( 3a): and (5) 
dehydrohalogenat1on of 3a wllh excess 1 g1\·es 3.3-dichloroa<.:l") late (2a). 
Scheme 1. 
Et3B + 02 ~ Et• + Et2BOO· 
CBrCI3 + Et· ~ •CCI3 + EtBr 
=<OSIM~R~ OSIM~R' 
·CCI3 ... CI3C~ 
OR OR 1Q 
1a or 1Q.. 
Br OSIM~R' 
10 + CBrCI3 ~ CI3C~ + ·CCI3 
OR 
11 
11 CI3CCH2COOR + R'M~SIB r 
3a 
Cl H >=< + CH3COOR + R'M~SICI 
Cl COOR 
2a 
However, the last dehydrochlorination step (5) was denied in the following 
experiments. A mixture o f CBrCI3 and 1 a or lb was stirred for 1 h at -23 oc. 
Injection of a part of the reaction mixture to gas chromatography (GLPC) re' ealed 
that 3a was formed as a major product ( 2a:3a = 4:6 or 5:95). The reaction mixture 
was warmed to room temperature and stirred for another 1 h. A second injection of 
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the reaction m1xture to GLPC showed that the ratio of 2a to 3a did not change, in 
<;pile of the presence of excess l a or 1 b. A similar result could be found in the 
react1on of CHBr3 '' 1th 1 b. Moreover, treatment of 3a with ketene silyl acetal 1b in 
hexane resulted 1n a complete reco,·ef)' of 3a. The addition of TMSBr to a reaction 
mr~ture of 3a and I b also did not promote the formation of 2a. These facts would 
suggest that 2a is produced directly from the same intermediate 11 independently of 
the formation of 3a. 
The concei\'able routes for the formation of 2a from 11 arc described in 
Scheme 2, though the mechanism is not clear at present. Path (a) or ( b) involves an 
o-xonium in termediate ( 12), which is derived from bromides 11 by the elimination of 
the Br- anion. In path (a), deprotonation from 12 by ketene silyl acetal, followed by 
elimination of s!lyl chloride, affords 2a. On the other hand, in path (b ) the reaction 
proceeds through a 6-membered ring transition state (1 4) deri"cd from the trans 
1somer of 12 to produce 2a. The elimination of the silyl group and Cl is attributed 
to the h1gh Le\\'iS acidity of the silyl group. Ho\\'e\'er, since it is difficult to assume 
the formation of such a polar intermediate as 12 in hexane, we propose an 
altemati\'e path (c). The concerted anti elimination of HCI and R'Me:!SiBr through 
a chair t) pc 6-membered transition state possessing an axial alkoxyl group 
stabilized by an anomeric effect ( 15) gave 2a directly. 
The (£)-selecti\'e formation of the product in the reaction of ketene silyl 
acetal la or lb with CHBr3 could be explained in terms of the transition state 
model 15'. In 15', bromine (1) occupies the equatorial position because of the steric 
repulsion of RO or the substituent on silicon. The attack of ketene silyl acetal on 
equatorial hydrogen ( 1) causes a double anti elimination of HBr and R'Me~SiBr to 
afford (E)-octyl 3-bromoacrylate (4b ). 
The temperature dependence of the distribution of products 2a and 3a could 
be explamcd as follows. The formation of 2a includes the dehydrohalogenation of 
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11 or 12 by a second equivalent of ketene silyl acetal," h1ch IS fan1rable at room 
temperature. In contrast, this intermolecular reaction is . lower than the elim1natio n 








- HBr, - R'M~SICI 
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CI3C =<OSIM~R' ,_ 
ll OR 





Preparation of Ketene Sily l Acetal. Ketene Sll) I acetals l a- d ''ere 
prepared accordtng to the reported procedurc. 11 > The ph) steal data for l a-d are 
descnbcd tn the ltterature. :!a) 
Reaction of Ketene Sily l Acetal with Polyhalomethane. Typical 
procedure IS as follows. Under argon atmosphere, Et38 (0.96 M he:xane solution, 
0.2 1 ml, 0.20 mmol) was added to a solution of CBrCI3 (0.20 g, 1.0 mmol) and 
ketene r-butyldtmethylsilyl cetyl acetal (0.57 g, 2.0 mmol) in hexane (5 ml) at room 
temperature. After stirring for 30 min, sat. aq NaHC03 (5 ml) was added to the 
reaction mixture. The mixture was stirred vigorously for 1 h, then poured into water 
(20 ml), and extracted with hexane (20 ml x 3). The combined organic layer \vas 
dried over anhydrous Na2S04 and concentrated in vacuo. The residual oil was 
purified by stlica-gel column chromatography using hexane-ether (40: 1) as an 
eluent to gi\'e cetyl 3, 3-dichloroacrylate (2a) in 93% yield: Bp 78-83 oc ( 1 Torr, 
bath temp); IR (neat) 2954,2924,2854, 1735, 1605, 1466, 1297, 1171 , 963, 845 
cm-1; 1H NMR (CDCI3) o 0.89 (t, 1=6.5 Hz, 3H), 1.28 (bs, 10H), 1.59-1.73 (m, 
2H), 4.16 (t, 1=6.7 Hz, 2H), 6.38 (s, 1H); Be NMR (CDCJ3) o 14.00, 22.58, 
25.83, 28.44, 29.11 (two peaks), 31.71, 65.16, 120.05, 137.28, 162.31; MS (70 eV) 
ml:. (rei intensity) 219 (M+ +2-35ct, 6), 217 (M+_35cJ, 16), 143 (M+ +2-c8H 15, 
39), 141 (M+-C8H15. 62), 112 (62), 111 (27), 84 (78), 83 (71), 70 (100), 69 (55), 
56 (58). Found: C, 52.35; H, 7.36%. Calcd for C 11 H 1sCI202: C, 52.19; H, 7.17%. 
Octyl 3, 3, 3-Trichloropropanoate (3a): Bp 102-107 oc (1 Torr, bath 
temp); IR (neat) 2954, 2926, 2854, 1749, 1467, 1346, 1284, 1180, 977, 715, 686 
cm-1; 1H NMR (CDCI3) o 0.88 (t, 1=6.4 Hz, 3H), 1.28 (bs, IOH), 1.60-1.75 (m, 
2H), 3.74 (s, 2H), 4.20 (t, 1=6.6 Hz, 2H); 13c NMR (CDCJ3) o 14.06, 22.61 , 
25.81, 28.41, 29.10 (two peaks), 31.74, 57.85, 65.83, 92.72, 165.31; MS (70 eV) 
112 
ml;. (rei intensity) 179 (M++2-C8H15· 9). 177 (M+-CgH15· 9). 143 (17). 141 
(29), 112 (60), 111 (16), 84 (100), 83 (71), 70 (87), 56 (61). Found: C. 45.77; H. 
6.65%. Calcd for C 11 H 1g:::I302: C. 45.62; H. 6.61 %. 
Octy13, 3-Dibr omoacrylate (2b): Bp 114-118 oc (2 Torr. bath temp): IR 
(neat) 2952,2924,2852, 1733, 1594, 1297, 1168 cm-1: I H NMR (COCI3) b 0.89 
(t, 1=6.4 Hz, 3H), 1.28 (bs, l OH), 1.59-1.72 (m, 2H), 4.16 (t, 1=6.7 H1., 2H), 7.01 
(s, I H); Be NMR (CDCI3) o 14.07, 22.62, 25.88, 28.46, 29.14 (two peaks), 3 1.74, 
65.32, 106.35, 128.09, 163.14; MS (70 eV) m /;. (rei intensity) 263 (M+ +2-79sr, 
3), 261 (M+ _79sr, 3), 233 (M+ +4-C8H 15. 24), 231 (M+ +2-C8H l5· 51), 229 (M +-
C8H 15· 24), 215 (38), 213 (81), 211 (42), 112 (26), 84 (58), 83 (48), 70 (84), 69 
(62), 56 (82), 55 (78), 43 (90), 42 (46), 41 ( 100). Found: C, 38.86; H, 5.55%. 
Calcd for C 11H 1sBr202: C, 38.62; H, 5.30o/c. 
Octyl 3, 3-Difluor oacrylate (2c): Bp 69-73 oc (9 Torr, bath temp) ; IR 
(neat) 2954, 2926, 2856, 1749, 1734, 1711, 1357, 1279, 1137 cm-1; 1 H NMR 
(CDCI3) o 0.89 (t, 1=6.5 Hz, 3H), 1.28 (bs, lOH), 1.58-1.72 (m, 2H), 4.15 (t, 
1=6.7 Hz, 2H), 4.98 (dd, 1=21.8, 2.6 Hz, I H); l3c NMR (COCI3) b 13.97, 22.58, 
25.80, 28.47, 29.12 (two peaks), 31.72, 64.98, 77.10 (dd,1=28.6, 9.1 H7), 161.87 
(dd, 1=311.7, 298.5 Hz), 162.97 (dd, 1=17.1, 7.5 Hz); 19F NMR (COCI3) o 
-64.74 (dd, 1=21.7, 15.8 Hz, IF), -70.85 (dd, 1=15.8, 2.0 Hz, IF); MS (70 eV) 
mlz (rei intensi ty) 112 (7), 109 (M+-C8H15· 26), 91 (M+-c8H1s-H20. 100), 43 
(52), 41 (5 1). Found: C, 60.12; H, 8.47%. Calcd for C 11 H 18F202: C, 59.98; H, 
8.24%. 
Octyl 3-Bromo-3, 3-difluoropropanoate (3c): Bp 67-71 oc ( 1 Torr, bath 
temp); IR (neat) 2954, 2926, 2854, 1750, 1356, 1285, 1218, 1176, 1092, 1024 
cm-1; 1H NMR (CDCI3) o 0.89 (t, 1=6.4 Hz, 3H), 1.28 (bs, IOH), 1.58-1.72 (m, 
2H), 3.45 (t, 1=13.2 Hz, 2H), 4.18 (t, 1=6.7 Hz, 2H); 13c NMR (COCI3) o 14.06, 
22.61, 25.74, 28.36, 29.09 (two peaks), 31.73, 49.11 (t, 1=23.5 HL.), 66.00, 116.36 
113 
(t,1=305.9 Hz), 164.48 (t, 1=4.5 Hz); 19F NMR (CDCI3) o -44.15 (t, 1=13.3 
Hz); MS (70 eV) m/z. (rei intensity) 191 (M+ +2-C8HJ5· 3), 189 (M+-C8H 15· 3), 
+ + 173 (M +2-C8H 15-H20, 11), 171 (M -C8H 15-H20, 14), 145 (12), 143 (13), 112 
( 11), 84 (63), 71 (50), 70 (82), 69 (60), 57 (76), 56 (91), 55 (80), 43 (91), 42 (60), 
41 (100). Found: C, 44.02; H, 6.42%. Ca1cd for C1JH19BrF202: C, 43.87; H, 
6.36%. 
Octyl3, 3-Diiodoacrylate (2d): Bp 139-143 oc (0.31 Torr, bath temp); IR 
(neal) 2950, 2922, 2852, 1727, 1570, 1291, 1252, 1168, 649 em -1; 1 H NMR 
(CDCl3) o 0.89 (t, 1=6.5 Hz, 3H), 1.28 (bs, 10H), 1.60-1.72 (m, 2H), 4.14 (t, 
1=6.7 Hz, 2H), 7.80 (s, 1H); 13c NMR (CDCI3) o 14.07, 22.58, 25.85, 28.43, 
29.10 (two peaks), 31.70, 65.14, 140.43, 164.51 (Another olefinic Be could not be 
detected.); MS (70 eV) m/z (rei intensity) 436 (M+, 4), 325 (M+-C8H15· 44), 324 
(100), 307 (61), 279 (14), 197 (12), 152 (28), 127 (12), 43 (80), 41 (63). Found: C, 
30.57; H, 4.20%. Calcd for C 11 H 18I 202: C, 30.30; H, 4.16%. 
Methyl 2-(Trichloromethyl)octanoate (3e): Bp 92-97 oc (3 Torr, bath 
temp); IR (neat) 2954,2924,2856, 1752, 1458, 1436, 1349, 1257, 1202, 1165,779, 
722,668 cm-1; lH NMR (CDCI3) o 0.89 (t, 1=6.5 Hz, 3H), 1.20-1.45 (m, 8H), 
1.91-2.19 (rn, 2H), 3.48 (dd, 1=10.2, 4.0 Hz, 1H), 3.80 (s, 3H); l3c NMR (CDCI3) 
o 13.92, 22.43, 26.88, 28.72, 30.23, 31.39, 52.23, 65.58, 98.17, 169.33; MS (70 eV) 
m/z (rei intensity) 241 (M+ +2.35cl, 5), 239 (M + .35cl, 8), 159 (M+ +4-35ci-
C6Hl2· 10), 157 (M+ +2-35ci-C6H12· 68), 155 (M+_35Cl-C6HJ2, 100), 116 (18), 
109 (10), 107 (10). Found: C, 43.72; H, 6.32%. Calcd for C 10H 17Cl302: C, 
43.58; H, 6.22%. 
Methyl 3, 3-Dibromo-2-hexylacrylate (2f): Bp 74-78 oc (1 Torr, bath 
temp); IR (neat) 2952, 2926, 2856, 1733, 1457, 1434, 1278, 1247, 1194, 1136, 837 
ern -1; 1 H NMR (CDCl3) o 0.89 (t, 1=6.4 Hz, 3H), 1.25-1.60 (m, 8H), 2.40-2.48 
(m, 2H), 3.82 (s, 3H); 13c NMR (CDCI3) o 14.01, 22.47, 26.97, 28.64, 31.39, 
114 
35.75, 52.53, 93.54, 140.99, 167.20; MS (70 eV) ml-:. (rei Intensity) 260 (M + +4-
c5H 10, 8), 258 (M+ +2 -C5H 10· 17), 256 (M+ -C5H !0· 9), 249 (M+ +2-
79Br, 34), 
247 (M+ _79sr, 39), 245 (25), 179 (25), 177 (26), 135 (21). 107 (75), 43 ( 1 00), 41 
(54). Found: C, 36.88; H, 5.07%. Calcd for C 1oH 1~r202: C, 36.61; H, 4.92%. 
Methyl 2-(Tribromomethyl)octanoate (3f): Bp 88-93 oc (2 Torr, bath 
temp); IR (neat) 2952,2926,2856, 1746, 1457, 1434, 1343, 1255, 1200, 1164,701, 
627 crn-1; 1H NMR (CDCI3) o 0.90 (t, 1=6.5 Hz, 3H), 1.20- 1.50 (m, 8H), 
1.93-2.25 (m, 2H), 3.56 (dd, 1=1 0.1, 3.8 Hz, 1H), 3.81 (s, 3H): 13c NMR 
(CDC13) o 14.00, 22.48, 26.78, 28.78, 31.44, 32.94, 39.11, 52.22, 67.79, 170.09; 
MS (70 eV) mlz (rel intensity) 331 (M+ +4-79sr, 2), 329 (M+ +2-79sr, 4), 327 
(M+ _79Br, 3), 247 (M+ +4-79sr-C6H 12, 6), 245 (M+ +2-79sr-C6H 12· 12), 243 
(M+ _79J3r-C6H 12· 6), 169 (22), 109 (31 ), 107 (39), 59 (62), 43 (100), 41 (94), 39 
(57). Found: C, 29.61; H, 4.17%. Calcd for C1oH 17Br302: C, 29.37; H, 4.19%. 
Methyl 3, 3-Difluoro-2-hexylacrylate (2g): Bp 90-95 oc (35 Torr, bath 
temp); IR (neat) 2956, 2928, 2858, 1749, 1716, 1440, 1347, 1195, 1157, 1129, 
1052 cm-1; 1H NMR (CDCI3) o 0.89 (t, 1=6.4 Hz, 3H), 1.25-1.53 (m, 8H), 
2.18-2.27 (m, 2H), 3.79 (s, 3H); Be NMR (CDCI3) o 13.95, 22.52, 24.46, 28.50, 
28.65, 31.45, 51.95, 88.74 (dd, 1=24.4, 3.7 Hz), 159.78 (dd, 1=309.8, 294.5 Hz), 
165.53 (dd, 1=12.2, 5.4 Hz); 19f NMR (CDCI3) o -70.23 (s, IF), -75.05 (s, JF); 
MS (70 eV) m!z (rel intensity) 186 (M+ -HF, 4), 175 (M+ -OMe, 17), 144 (34), 143 
(61), 127 (20), 107 (24), 105 (34), 101 (43), 43 (100), 41 (55). Found: C, 58.19; H, 
8.07%. Calcd for C 10H 1if202: C, 58.24; H, 7.82%. 
Methyl2-(Bromoditluoromethyl)octanoate (3g): Bp 76-80 oc (7 Torr, 
bath temp); IR (neat) 2954, 2926, 2858, 1752, 1459, 1437, 1347, 1259, 1198, 1170, 
1096, 951, 933 cm-1; 1H NMR (CDCI3) o 0.89 (t, 1=6.3 Hz, 3H), 1.30 (bs, 8H), 
1.73-2.06 (m, 2H), 3.27 (td, 1=10.8, 4.3 Hz, 1H), 3.79 (s, 3H); 13c NMR (CDCI3) 
o 13.91, 22.44, 26.69, 27.76, 28.72, 31.35, 52.50, 58.54 (t, 1=20.9 Hz), 120.44 (t, 
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1=309.2 H7), 108.35 (t, 1=3.9 Hz); 1 9F NMR (CDCI3) b - 47.63 (dd, 1= 158.0, 
10.8 H;, I F), -48.33 (dd, 1=158.0, 10.8 Hz, IF); MS (70 eV) m l-:. (rei intensity) 
+ . + + 79 257 (M +2-0Me, 1), 255 (M -OMe, 1), 207 (M - Br, 21), 127 (10), 123 (100), 
107 ( I I), 43 (56), 4 I (5 I ). Found: C, 41.94; H, 6.04<k. Calcd for C 10H 178rF202: 
C, 41.83; H , 5.97o/r. 
llexyl 3, 3, 3-Trichloro-2, 2-dimethylpropanoate (3i): Bp 88-93 oc (I 
Torr, bath tem p); IR (neat) 2954, 2930, 2858, 1737, 1469, 1257, 1155, 901, 795, 
743, 638 cm- 1; I H NMR (CDCI3) o 0.89 (t, 1=6.5 Hz, 3H), 1.25- 1.46 (m, 6H), 
1.60-1.76 (m, 81-1, including 1.64 (s, 6H)), 4.17 (t, 1=6.6 Hz, 2H); 13c NMR 
(CDCI3) b 13.89, 22.43, 23.24, 25.52, 28.28, 31.24, 59.92, 65.95, 104.83, 170.62; 
MS (12 eV) m /;; (rei intensity) 211 (M++6-C6H11, 0.4), 209 (M++4-C6H11, 5), 
+ + 207(M +2-C6H1J, 15),205(M -C6H11, 14), 171 (15), 169(22), 133 (11), 126 
(38). 124 (56), 85 (60), 84 (100), 43 (73). Found: C, 45.69; H, 6.70%. Calcd for 
C 1 1 H 19CI302: C, 45.62; H, 6.61 %. 
Stereochemistry of 3-Haloacrylate Derivatives. Stereochemistry of 
cetyl ( E)-3-haloacrylates 4a-d was determined by the c'\amination of the 1 H NMR 
chemical shtfts and coupling constants of olefinic protons. The assignment of 
methyl (E)-3-halo-2-hexylacrylates 4e-g was also based on inspection of chemical 
shift of olefinic proton. The o ,·alues of olefinic proton of 4e-g are similar to that of 
proton on 3-position of the respectiYe cetyl (£)-3-haloacrylate 4a- c. In addition, 
the comparison of the 1H NMR spectra of 4f with methyl (£) or (Z)-3-bromo-2-
mcthylacrylate 12) supported that 4f had (E)-stereochemistry. Methyl ( E)-3-bromo-
2-methylacrylate (CDC13): o 2.01 (d, 1=1.7 Hz., 3H), 3.77 (s, 3H), 7.54 (q, 1=1.7 
Hz., 1H). (Z)-isomer (minor product) (CDCI3): o 2.00 (d, 1=1.6 HL, 3H), 3.82 (s, 
3H). 6.57 (q, 1=1.6 Hz., 1H). Methyl (E)-3-bromo-2-hexylacrylate ( 4f) (CDCI3): o 
0.89 (t, 1=6.5 H7. 3H), 1.25-1.55 (m. 81-1), 2.43-2.51 (m, 21-1), 3.76 (s, 31-1), 7.51 (s, 
1H). 
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Octyl (E)-3-Chloroacrylate (4a): Bp 69-74 oc ( I Torr, bath temp): I R 
(neat) 2954,2926,2854, 1726,1612, 1296, 1254,1161 cm-1: IJ-1 NMR (CDCI 3) o 
0.89 {t, 1=6.3 Hz., 3H), 1.28 (bs, JOH), 1.59-1.72 (m , :!H), -US (t, 1=6.7 H;. :!H). 
6.25 (d, 1= 13.4 l-17, I H), 7.37 (d, 1=13.4 Hz, 1H); 13c NMR (CDCI3) b 14.()3, 
22.59, 25.85, 28.52, 29.14 (two peaks), 31.73, 65.05, 124.90, 137.32, 164.10; MS 
(70 cV) ml-:. (rei intensity) 183 (M+ _35cl. 3}, 112 ( 18), 109 (M + +2-C8H l 5· 1 0), 
107 (M + -C8H 15• 25), 9 1 (M + +2-C8H 15-H20, 37}, 89 (M+ -C8H 15- H20, 100), 70 
(66), 69 (52), 56 (69), 55 (62), 43 (52), 41 (63). Found: C, 60.22; H, 8.75%. Calcd 
for C 11 H 19CI02: C, 60.41; H, 8.76%. 
Octyl (Z)-3- Chloroacrylate : Bp 71-75 oc (0.80 Torr, bath temp): IR 
(neat) 2952,2924,2854, 1732, 1619, 1467, 1349, 1278, 1223, 1168, 809 cm- 1; 1H 
NMR (CDCI3) o 0.88 (t, 1=6.4 Hz., 3H), 1.28 (bs, lOH), 1.58-1.78 (m, 2H), 4.18 (t, 
1=6.7 Hz, 21-1), 6.20 (d. 1=8.3 Hz, 11-1), 6.70 (d, 1=8.3 H7 , 1 H); 13c NMR 
(CDC13) o 14.06, 22.63, 25.91, 28.54, 29.16 (two peaks), 31.76, 64.89, 121.56, 
132.17, 163.57; MS (70 eV) ml:. (rei intensity) 183 (M + _35cl, 0.8), I 12 (11 ), 109 
(M+ +2-c8H 1s 12), 101 (M+ -c8H 15, 34). 9 1 (M T +2-c8H 15- H2o. 26), 89 (M+-
C8H 15-H20, 92), 70 (50), 56 (61), 55 (62), 43 (79), 41 (100). Found: c. 60.53; H , 
8.95%. Calcd for C 11 H 19CI02: C, 60.41; H, 8.76%. 
Octyl 3-Bromo-3-chloropropanoate (Sa): Bp 86-91 oc ( I Torr, bath 
temp); IR (neat) 2954,2924,2854, 1741 , 1467, 13.50, 1276, 1228, 11 83, 1148,685, 
622cm-1; lJ-1 NMR (CDCI3) b 0.89 (t,1=6.5 Hz, 3H), 1.~8 (bs, IOH), 1.56-J.71 
(m, 2H), 3.39 (d, 1=6.8 Hz, 2H}, 4.15 (t, 1=6.7Hz, 2H), 6.07 (t, 1=6.8 Hz, I H); 
13c NMR (CDCI3) o 14.05, 22.59, 25.77, 28.42, 29.10 (two peaks), 31.71, 49.52, 
52.87, 65.60, 167.80; MS (70 eV) m/z (rei intensity) 191 (M + +4-C8H 15· 0.9), 
8 + + + 1 9 (M +2-C8H 15, 4.2), 187 (M -C8H 15, 3.3}, 173 (M +4-C8H 15-H20, 1.3}, 
7 + + 1 l (M +2-C8H 15-H20, 5.5), 169 (M -C8H 15-H20, 3.6), 143 (9), I I 2 (9), 70 
(61), 56 (88), 55 (67), 43 (87), 42 (54), 41 (100). Found: C, 44.29; H, 6.83%. 
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Calcd for C 11H :wBrCI02: C, 44.09; H, 6.73%. 
Octyl (E)-3-Bromoacr ylate (4b): Bp 86-91 oc (2 Torr, bath temp)~ IR 
(neat) 2952, 2926, 2854, 1725, 1607, 1297, 1262, 1229, 1153 cm-1~ I H NMR 
(CDCI3) o 0.89 (t, 1=6.5 Hz, 3H), 1.28 (bs, 10H), 1.59-1.72 (m, 2H), 4.15 (t, 
.1=6.7 Ht, 2H), 6.53 (d, 1= 13.9 Hz, lH), 7.60 (d, 1= 13.9 Ht, l H); 13c NMR 
(CDCI3) o 14.03, 22.59, 25.85, 28.52, 29.13 (two peaks), 31.72, 65.12, 126.38, 
128.87, 164.10; MS (70 eV) m/: (rei intensity) 183 (M+ _79sr, 5), 153 (M+ +2-
+ + + c 8H 15, 27), 151 (M -C8H 15, 28), 135 (M +2-CgH 15-H20, 90), 133 (M -
c 8H 15-H20, 94), 112 (31), 107 (22), 105 (22), 84 (59), 83 (58), 70 (100), 69 (70), 
56 (94), 55 (86), 43 (81), 42 (56), 41 (96). Found: C, 50.28; H, 7.56%. Calcd for 
C 1 1 H 1 9Br02: C, 50.20; H, 7.28%. 
Octy l (Z)-3-Bromoacrylate: Bp 65-70 oc (0.43 Torr, bath temp); IR 
(neat) 2952,2924,2852,1732,1614,1467,1333,1208,1166,808 cm-1; 1H NMR 
(CDCI3) o 0.88 (t, 1=6.5 Hz, 3H), 1.28 (bs, lOH), 1.60-1.75 (m, 2H), 4.18 (t, 
1=6.7 Hz, 2H), 6.63 (d, 1=8.3 Hz, lH), 6.99 (d, 1=8.3 Hz, 1 H); 13c NMR 
(CDCI3) b 14.03, 22.59, 25.89, 28.49, 29.12 (two peaks), 31.72, 64.93, 120.89, 
124.59, 163.99; MS (70 eV) mlz. (rei intensity) 183 (M+ _79sr, 3), 153 (M+ +2-
+ + + CgH 15, 55), 151 (M -C8H 15, 59), 135 (M +2-CgH 15-H20, 87), 133 (M -
CgH 15-H20, 87), 112 (34), 107 (18), 105 (21), 84 (53), 70 (84), 69 (62), 56 (83), 
55 (76), 43 (75), 42 (51), 41 (100). Found: C, 50.26; H, 7.32%. Calcd for 
C 11 H 19Br02: C, 50.20; H, 7.28%. 
Octyl 3, 3-Dibromopropanoate (Sb): Bp 89-94 oc (1 Torr, bath temp)~ 1R 
(neat) 2954,2924,2852,1740,1348,1276,1257,1225,1147,637 cm-1; 1H NMR 
(CDCI3) b 0.89 (t, 1=6.4 Hz, 3H), 1.28 (bs, lOH), 1.60-1.75 (m, 2H), 3.52 (d, 
1=7.0 Hz, 2H), 4.15 (t, 1=6.7 Hz, 2H), 5.95 (t, 1=7.0 Hz, 1H); l3c NMR 
(CDCI3) b 14.07, 22.62, 25.81, 28.46, 29.12 (two peaks), 31.74, 36.24, 50.37, 
65.66, 168.16; MS (70 eV) m/: (rei intensity) 235 (M+ +4-CgH 15· 10), 233 
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(M++2-C8H 15, 17), 231 (M+-CgH 15.9), 217 (M+-t4-C8H 15-H:;O. 8), 215 
(M+ +2-C8H 15-H20, 14), 213 (M+-C8H 15-H20. 6), 189 (10), 187 (21), IRS ( 12), 
135 (18), 133 (20), 112 (35), 84 (78), 83 (67), 70 (92), 69 (63), 57 (67), 56 (g7). 55 
(85), 43 (97), 42 (60), 41 (100). Found: C, 38.51; H, 5.86~. Calcu tor 
C11H2oBr202: C, 38.40; H, 5.86%. 
Octy l (£)-3-Fiuoroacry1ate (4c): Bp 74-78 oc (7 Torr, bath temp); IR 
(neat) 2954, 2926, 2854, 1730, 1662, 1306, 1273, 1133, 1110 cm-1; I H NMR 
(CDCI3) o 0.89 (t, 1=6.4 Hz, 3H), 1.28 (bs, 10H), 1.58-1.73 (m, 2H), 4.14 (t, 
1=6.7 Hz, 2H), 5.78 (dd, 1=14.9, 11.3 Hz, 1H), 7.56 (dd, 1=79.9, 11.3 lit, 1 H); 
13c NMR (CDCI3) b 14.05, 22.61, 25.87, 28.54, 29.16 (two peaks), 31.75, 64.83, 
106.79 (d, 1=14.9 Hz), 162.91 (d, 1=279.8 Hz), 165.33 (d, 1=22.9 Ht.); l9f NMR 
(CDCI3) b -112.22 (dd, 1=79.7, 14.8 Hz); MS (70 eV) mlz (rei intensity) 112 (7), 
91 (M+ -C3H 15· 19), 73 (M+ -C3H 15- H20, 100). Found: C, 65.26; H, 9.64%. 
Calcd for C 11H 19F~: C, 65.32; H, 9.47%. 
Octyl 3-Bromo-3-0uoropropanoate (Sc): Bp 74-78 °C (I Torr, bath 
temp); IR (neat) 2954,2926,2854, 1740, 1328, 1307, 1265, 1231, 1158, 1034, 638 
cm-1; 1H NMR (COCI3) o 0.89 {t, 1=6.5 Hz, 3H), 1.28 (bs, IOH), 1.58-1.75 (m, 
2H), 3.22 (ddd, 1=23.8, 16.5, 5.1 Hz, 1H), 3.39 (ddd, 1=16.5, 12.1, 7.0 H1.., 1H), 
4.15 (t, 1=6.7 Hz, 2H), 6.77 (ddd, 1=49.5, 7.0, 5. 1 Hz, 1H); I3c NMR (CDCI3) <> 
14.06, 22.61, 25.77, 28.42, 29.12 (two peaks), 31.73, 45.91 (d, 1=22.8 H1..), 65.65, 
88.98 (d, 1=252.1 Hz), 167.41 (d, 1=6.9 Hz); 19F NMR (CDCI3) o -134.67 (ddd, 
.1=49.2, 21.7, 13.8 Hz); MS (70 eV) m/z (rei intensity) 173 (M+ +2-C8H 15· 3), 
171 (M+-c8H 15,3), 155 (M+ +2-C8H 15-H20, 6), 153 (M+ -C8H 15-H20, 8), 127 
(8), 125 (10), 112 (8), 70 (61), 56(83), 55 (67), 43 (100), 42 (54), 41 (96). Found: 
C, 46.95; H, 7.10%. Calcd for C 11H2oBrF~: C, 46.66; H, 7.12%. 
Octyl (E ) -3-Iodoacrylate (4d): Bp 89-93 oc (1 Torr, bath temp); IR 
(neat) 2952, 2924, 2852, 1723, 1592, 1296, 1258, 1214, 1 145 cm-1; I H NMR 
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(CDCI3) 0.89 (t, 1=6.4 Ht., 3H), I .28 (bs, I OH), 1.59-1.72 (m, 2H), 4.14 (t, 1=6.7 
Ht, 2H),6.89(d, 1=14.8 Ht., IH), 7.87 (d,1=14.8 Hz, 1H); 13c NMR (COCI3) b 
14.05, 22.59, 25.85, 28.51, 29.12 (two peaks), 31.73, 65.12, 99.17, 136.54, 164.20; 
MS (70 cV) m l:. (rei Intensity) 199 (M+-CgH 15. 47), 181 (M+-c8H 15-H2o, 
100), 153 (29), 127 (12), 112 (25), 70 (55), 56 (54), 55 (52), 43 (55), 41 (61). 
Found: C, 42.72; H, 6.39%. Calcd for C 11H 19102: C, 42.60; H, 6.17%. 
Octyl (Z)-3-Jodoacrylate: Bp 75-80 oc (0.73 Torr, bath temp); JR (neat) 
2952, 2922, 2852, 1729, 1600, 1323, 1195, 1164 em -1; I H NMR (CDCI 3) o 0.89 
(t, 1=6.4 Hz, 3H), 1.28 (bs, 10H), 1.62-1.76 (m, 2H), 4.19 (t, 1=6.7 Hz, :!H), 6.91 
(d, 1=8.9 H7, JH), 7.45 (d, 1=8.9 Hz, 1H); 13c NMR (CDC13) o 14.07, 22.63, 
25.94, 28.53, 29.16 (two peaks), 31.76, 65.01, 94.43, 129.99, 164.68; MS (70 eV) 
ml:. (rei intensity) 310 (M+, 2), 199 (M+-CgH15. 67), 198 (92), 181 (M+-c8H 15-
H20, 100), 153 (25), 112 (18), 56 (50), 43 (60), 41 (67). Found: C, 42.52; H, 
6. 17%. Calcd for C 11 H 19I02: C, 42.60; H, 6.17%. 
Octy l 3, 3-Di iodopropanoate (Sd): Bp 105-109 oc (0.82 Torr, bath temp); 
IR(ncat) 2950,2922,2852,1737,1342,1269,1209,1134, I084cm·1; 1H NMR 
(COCI3) o 0.89 (t, 1=6.5 Hz, 3H), 1.28 (bs, IOH), 1.60-1.73 (m, 2H), 3.72 (d, 
1=7.4 Hz, 2H), 4.14 (t, 1=6.6 Hz, 2H), 5,27 (t, 1=7.4 Hz, 1 H); J3c NMR 
(COCI3) b -43.32, 14.07, 22.61, 25.87, 28.50, 29.12 (two peaks), 31.74, 53.44, 
65.56, 169.47; MS (70 eV) m/z (rei intensity) 438 (M+, 2), 311 (M+-1, 4), 281 
(10), 199 (11), 181 (16), 154 (13), 113 (22), 71 (78), 57 (100), 43 (80). Found: C, 
30.39; H, 4.56%. Calcd for C 11 H2of 202: C, 30.16; H, 4.60%. 
Methyl (E)-3-Chlor o-2-hexylacrylate (4e): Bp 62-66 oc (6 Torr, bath 
temp); IR (neat) 2954, 2926, 2856, 1725, 1608, 1459, 1437, 1338, 1322, 1244, 
1196, 1133,748 cm-1; 1H NMR (COCI3) o 0.89 (d, 1=6.4 Hz, 3H), 1.20-1.55 (m, 
8H), 2.41-2.49 (m, 2H), 3.77 (s, 3H). 7.29 (s, 1H); 13c NMR (CDCJ3) o 14.07, 
22.55, 27.28, 27.75, 29.05, 31.54, 52.05, 131.92, 135.52, 165.83; MS (70 eV) m/: 
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(rei intensity) 175 (M+ +2-0Mc, 2), 173 (M"" -OMc. 7), 170 (6). 169 (M+ .35cl, 49). 
136(M++2-C5H 10, 10), 134(M+-C5H 10,31 ). 125 ( 14), 121 ( 11 ),109 (52). 103 
(20), 43 ( 100), 41 (51). Found: C, 58.47; H, 8.3SC7c. Calcd lor C 10H 17CI02: C. 
58.68; H, 8.37%. 
Methy 2-(Bromochloromethyl)octanoate (5e, diastereomeric mixture 
(50:50)): Bp 78-83 °C (5 Torr, bath temp); IR (neat) 2952, 2924, 2856, 1741 , 
1459, 1437, 1356, 1257, 1203, 1160cm·1; 1H NMR (COCJ3) o 0.89 (t,1=6.4 Ht., 
3H), 1,28 (bs, 8H), 1.65-2.02 (m, 2H), 3.07 (ddd, 1=9.8, 8.2, 4.0 Hz, 0.50H), 3.12 
(ddd, 1=10.0, 8.2, 4.0 Hz, O.SOH), 3.76 (s, 3H), 5.88 (d, 1=8.2 Hz, I H); 13c NMR 
(CDCI3) o 14.01, 22.50, 26.83, 28.89, 30.23, 30.58, 31.46, 52.25, 57.55, 57.78, 
59.13, 59.75, 171.19, 171.47; MS (70 eV) m/z (rei intensity) 257 (M+ +4-0Me, 
1.3), 255 (M+ +2-0Me, 5.3), 253 (M+ -OMe, 3.8), 207 (M+ +2-79sr, 25), 205 (M +-
79sr, 73), 173 (23), 157 (20), 123 (80), 122 (18), 121 (100), 109 (76), 59 (75), 55 
(73), 43 (76), 41 (74), 39 (52). Found: C, 42.35; H, 6.61 %. Calcd for 
C 1oH 18BrCJ02: C, 42.05; H, 6.35%. 
Methyl (E)-3-Bromo-2-hexylacrylate (4f): Bp 70-74 oc (5 Torr, bath 
temp); 1R(neat)2954,2926,2856, 1724,1608,1436,1293, 1232, 1129cm- l; lH 
NMR (CDCI3) o 0.89 (t, 1=6.5 Hz, 3H), 1.25-1.55 (m, 8H), 2.43-2.51 (m, 2H), 
3.76 (s, 3H), 7.51 (s, 1H); 13c NMR (CDCI 3) o 14.03, 22.53, 27.62, 29.03, 29.68, 
31.51, 52.11, 122.55, 138.30, 165.29; MS (70 eV) m/: (rei intensity) 219 (M+ +2 -
+ + + OMe, 4.1), 217 (M -OMe, 3.5), 180 (M +2-C5HJO, 15), 178 (M -C5H10· 16), 
170 (II}, 169 (M+_79sr, 100), 137 (16), 109 (58), 43 (81). Found: C, 48.14; H, 
7.06%. Calcd for C 1QH 17Br02: C, 48.21; H, 6.88%. 
Methyl 2-(Dibromomethyl)octanoate (Sf): Bp 76-80 oc ( 1 Torr, bath 
temp); IR (neat) 2952, 2924,2854, 1740, 1458, 1435, 1353, 1255, 1212, 1158,662, 
615 cm-1; 1H NMR (COCI3) o 0.89 (t, 1=6.4 Hz, 3H), 1.29 (bs, 8H), 1.64-2.03 
(m, 2H), 3.14 (ddd, 1=10.0, 8.3, 3.9 Hz, 1H), 3.76 (s, 3H), 5.80 (d, 1=8.2 Hz, 1 H); 
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13c NMR (CDCI3) o 14.00, 22.49, 26.85, 28.87, 31.29, 31.45, 44.26, 52.25, 57.86, 
171.32; MS (70 eV) m/':. (rei intenstty) 301 (M+ +4-0Me, 0.7), 299 (M+ +2-0Me, 
1.3), 297 (M+ -OMe, 0.7), 251 (M+ +2-79sr. 20), 249 (M+ _79sr, 20), 167 (92), 165 
(100}, 135 (II), 133 (II), 109 (38), 41 (53). Found: C, 36.69; H, 5.76%. Calcd for 
C 10H 18Br202: C, 36.39; H, 5.50%. 
M ethyl (£)-3-FJuoro-2-hexylacrylate (4g): Bp 65-69 oc ( 10 Torr, bath 
temp); IR (neat) 2954, 2928, 2858, 1730, 1659, 1438, 1284, 1252, 1198, 1149, 
1124, 1065 cm-1; lH NMR (CDCI3) o 0.88 (t, 1=6.5 Hz, 3H), 1.20-1.52 (m, 
8H), 2.30 (td, 1=7.3, 2.7 Hz, 2H), 3.75 (s, 3H), 7.53 (d, 1=82.4 Hz, 1 H); Be 
NMR (CDCI3) o 14.02, 22.54, 23.36 (d, 1=2.7 Hz), 28.33, 28.88, 31.50, 51.65, 
118.56 (d, 1= 11.1 Hz), 157.99 (d, 1=275.7 Hz), 167.22 (d, 1=18.6 Hz); 19F NMR 
(CDCI3) o -117.36 (dt, 1=82.7, 3.0 Hz); MS (70 eV) m /z (rei intensity) 157 (M+-
+ OMe, 4), 125 (20), 118 (M -C5H 10· 13), 109 (41), 43 (100), 41 (63). Found: C, 
63.60; H, 9.29%. Calcd for C 1QH 17F~: C, 63.81; H, 9.10%. 
M ethy l 2-(Bromofluoromethyl)octanoate (5g, diastereomeric mixture 
(55:45)): Bp 81-85 oc (7 Torr, bath temp); IR (neat) 2952, 2926, 2856, 1740, 
1458,1437,1255,1217,1164, 1047,630cm·l; 1HNMR(CDCl3) o 0.89(t,1=6.5 
Hz, 3H), 1.30 (bs, 8H), 1.65-1.90 (m, 2H), 3.02-3.27 (m, lH), 3.76 (s, 3H), 6.53 
(dd, 1=49.8, 7.6 Hz, 0.55H), 6.56 (dd, 1=49.2, 7.3 Hz, 0.45H); 13c NMR 
(COCI3) o 13.95, 22.46, 26.51, 26.81, 28.50 (d, 1=3.0 Hz), 28.87, 31.41, 52.19, 
54.84 (d, 1=52.7 Hz), 55.23 (d, 1=54.8 Hz), 93.37 (d, 1=256.2 Hz), 94.72 (d, 
1=254.1 Hz), 170.74 (d, 1=3.9 Hz), 170.88 (d, 1=10.5 Hz); 19F NMR (CDCI3) 
o -134. 11 (dd, 1=49.2, 9.8 Hz, 0.45F), -141.58 (dd, 1=49.2, 10.8 Hz, 0.55F); MS 
(70 eV) ml:. (rei intensity) 189 (M+_79sr, 25), 157 (6), 109 (14), 106 (5), 105 
( 100). Found: C, 44.92; H, 6.98%. Calcd for C 1oH 18BrF~: C, 44.62; H, 6.74%. 
Dehydrohalogenation of Octyl 3.3-Dihalopropanoates or M ethyl 2-
(Dihalomethyl)octanoate. The crude product prepared by the reaction of 
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ketene silyl acetal la or l b (2.0 mmol) "ith tnhalomethane ( 1.0 mmol) ''as treated 
with Et3N (2 ml) at room temperature. After stirring for 0.5-l h, the rc~ulltng 
precipitate was f1ltercd through anhydrous Na2S04. The f1ltratc "as conccntratctl 
in vacuo and the residual oi l was submtttcd to silica-gel column chromatogmphy to 
gi\'e octyl (£)-3-haloacrylate. Dehydrohalogenation of mcth) I 2-(d1halomcth) 1)-
octanoatc, derived from the reaction of l c "ith trihalomethane, was slow at room 
temperature, thus a mixture of the crude product and Et3N (5 ml) was rcnu:-.cd for 
1-8 h. 
1,1,1-Tribromopropane. The title compound was prepared according 
to the reported procedureS): Bp 88-90 oc (44 Torr); IR (neat) 2980, 2934, 1450, 
1097, 1075,909,813,705,618 cm-1; 1H NMR (CDCI3) o 1.27 (t, 1=7.0 Hz, 3H), 
3.02 (q, 1=7.0 Hz, 2H); Be NMR (CDCI3) o 14.18, 44.50, 53.63; MS (70 eV) 
mlz (rei intensity) 203 (M+ +4-79sr, 48), 201 (M+ +2-79sr, 100), 199 (M+ _79sr, 
52), 121 (M+ +2-79sr-H79sr, 55), 119 (M+ .79sr-H79sr, 57), 39 (78). Fount!: C, 
13.10; H, 1.87%. Calcd for C3H.si3r3: C, 12.83; H, 1 .79%. 
Octy l (E)-3-Bromo-2-pentenoate ((E)-6): The stereochemistry of(£) or 
(Z)-6 was assigned by the chemical shift of allylic protons. Allylic proLOns of(£)-
6 appear at lower field ( o 3.15) compared to those of (Z)-6 ( o 2.62) due to deshicltl 
by carbonyl group. Bp 87-91 oc ( 1 Torr, bath temp); IR (neal) 2952, 2924, 2854, 
1721, 1626, 1459, 1342, 1304, 1181, 1104 cm-1; 1H NMR (CDCI3) b 0.89 (t, 
1=6.4 Hz, 3H), 1.19 (t, 1=7.4 Hz, 3H), 1.28 (bs, 10H), 1.58-1.73 (m, 2H), 3.15 (q, 
1=7.3 Hz, 2H), 4.10 (t, 1=6.7 Hz, 2H), 6.31 (s, 1H); Be NMR (CDCI3) o 13.09, 
14.06, 22.61, 25.91, 28.54, 29.16 (two peaks), 31.55, 31.75, 64.62, 122.52, 151.66, 
+ + + 164.30; MS (70 eV) m/z (rei intensity) 292 (M +2, 2.4), 290 (M , 2.9), 211 (M -
79sr,20), 181(18), 180(M++2-CgH 15,35), 179(16), 178(M +-C8H 15,34), 163 
(38), 161 (33), 99 (100). Found: C, 53.72; H, 8.12%. Calcd for C 13H23Br02: C, 
53.62; H, 7.96%. 
123 
Octyl (Z)-3-Bromo-2-pentenoate ((Z )-6): Bp 94-98 oc (I Torr, bath 
temp); IR (neat) 2952,2924,2852, 1733, 1637, 1459, 1292, 1246, 1172 cm-1; 1H 
NMR (CDCI3) b 0.88 (t, 1=6.5 Hz, 3H), 1.19 {t, 1=7.4 Hz, 3H), 1.28 (bs, I OH), 
1.60-1.75 (rn, 2H), 2.62 (qd, 1=7.4, 1.1 Hz, 2H), 4. 15 (t, 1=6.7 H1, 2H), 6.30 (t, 
1=1.l H1, I H); 13c NMR (CDCI3) b 13.06, 14.03, 22.58, 25.90, 28.52, 29.13 (two 
peaks), 3 1.72, 37.02, 64.63, 118.41, 143.32, 164.40; MS (70 eV) ml-:. (rei 
intens1ty) 211 (M+ • 79sr, 2), 181 (M+ +2-CgH 15, 43), 179 (M+ -CgH 15, 43), 163 
(35), 161 (30), 55 (54), 53 (66), 43 (87), 41 ( 100). Found: C, 53.40; H, 8.11 %. 
Calcd for C 13H 23Br02: C, 53.62; H, 7.96%. 
Octyl 3, 3-Dibromopentanoate (7): Bp 111 - 115 oc (2 Torr, bath temp); 
IR (neat) 2952,2926, 2854, 1741, 1342, 1190 em - 1; 1H NMR (CDCI3) o 0.88 (t, 
1=6.4 Hz, 3H), 1.23 (t, 1=7.1 Hz, 3H), 1.27 (bs, IOH), 1.60-1.74 (m, 2H), 2.63 (q, 
1=7.1 Hz, 2H), 3.60 (s, 2H), 4.14 (t, 1=6.6 Hz, 2H); 13c NMR (CDCJ3) b 12.29, 
14.06, 22.60, 25.85, 28.45, 29.11 (two peaks), 3 1.72, 43.02, 53.90, 65.30, 67.41, 
167.76; MS (70 eV) ml-:. (rei intensity) 293 (M+ +2-79sr, 0.4), 292 (M+ +2-
H79sr, 0.4), 291 (M+ _79sr, 0.5), 290 (M+ -H79sr, 0.2), 263 (M+ +4-C8H 15, 0.2), 
+ + 261 (M +2-CgH 15, 0.6), 259 (M -C8H 15, 0.2), 181 (24), 179 (21), 71 (54), 57 
(90), 43 ( 100), 41 (74). Found: C, 42.25; H, 6.76%. Calcd for C 13H24Br202: C, 
41.96; H , 6.50%. 
Ethyl Octyl Fumarate (8): Bp 92-96 oc (2 Torr, bath temp); IR (neat) 
2954, 2926, 2854, 1725, 1297, 1260, 1173, 1154, 1033,980 cm - 1; 1H NMR 
(CDCI3) o 0.89 (t, 1=6.4 Hz, 3H), 1.25-1.43 (m, 13H), 1.62- 1.76 (m, 2H), 4.20 (t, 
1=6.7 Hz, 2H), 4.27 (q, 1=7.1 Hz, 2H), 6.86 (s, 2H); 13c NMR (CDCJ3) o 14.04 
(two peaks), 22.58, 25.82, 28.44, 29.11 (two peaks), 3 1.71, 61.26, 65.44, 133.51 , 
133.60, 164.94, 165.02; MS (70 eV) ml: (rei intensi ty) 211 (M+ -OEt, 20), 146 
(10), 145(M+-CgH15, 100), 128 (38), 127(M +-C8H 15-H20 ,85), 117 (57), 112 
(24), 100 (22), 99 (52), 70 (79), 69 (68), 56 (77), 55 (99), 43 (79), 41 (83). Found: 
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C, 65.56; H, 9.62%. Calcd for C 14H2404: C, 65.60; H, 9.44'7c. 
1-Ethyl 4-0ctyl 2-Bromosuccinate (9): Bp 102-106 oc (0.71 Torr, bath 
temp); IR (neat) 2952, 2926, 2854, 1741, 1333, 1302, 1260, 1207, 1165 cm-1; 1H 
NMR (COCI3) o 0.88 (t, 1=6.3 H1, 3H), 1.25-1.40 (m, 13H), 1.55-1.70 (m, 2H), 
2.98 (dd, 1=17.1,6.3 H1., 1H), 3.27 (dd, 1=17.1, 8.8 Hz, 1H), 4.11 (t, 1=6.7 H1, 
2H), 4.26 (q, 1=7.2 Hz, 2H), 4.56 (dd, 1=8.8, 6.3 Hz, I H); 13c NMR (CDCI3) 
b 13.85, 14.04, 22.60, 25.78, 28.46, 29.12 (two peaks), 31.73, 38.31, 39.77, 62.25. 
65.39, 169.0 1, 169.66; MS (70 eV) m/z (rei intensity) 227 (M+ +2-CgH 15· 4), 225 
+ + + (M -CgH 15,6), 209 (M +2-CgH 15-H20, 15), 207 (M -CgH 15-H20, 12), 181 
(8), 179 (9), 57 (58), 56 (60), 55 (74), 43 (98), 41 (100). Found: C, 50. 12; H. 
7.58%. Calcd for C 14H25Br04: C, 49.86; H, 7.47%. 
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Triethylborane Induced Stereoselective Radica l Addi t ion of R3Si H to 
Acetylenes and Stereoselective Reduction of Alkenyl Iodides " ith 
T ris(trimethylsilyl)silane 
Triethylborane induced radical addition of various organosilancs (R3SiH) to 
acetylenes has been studied. Among them, tri s(trimethylsi lyl)silane (TTMSS) 
proved to be the best reagent for the hydrosilylation of aeetylenic compounds 1n 
terms of yield and stereoselecti\'i ty. For instance, reacuon of 1-dodeC) nc '' llh 
TTMSS at room temperature for 3 h under Et3B catalyst pro,1ded (Z)-1-
tris(trimethylsilyl)silyl-1-dodecene selectively in 98% yield. The stereochemical 
course of reduction of alkenyl iodides with TTMSS-Et3B or 11-Bu3SnH-Et38 has 
been examined. Treatment of 1-dimethylphenylsilyl-2-iodo-1-dodecene with 
TTMSS-Et3B at room temperature afforded (Z)-1-dimethylphcnylsi lyl-l -dodccene 
selectively (liE> 30/1). On the other hand, treatment with 11-Bu 3SnH-Et3B gave 
(£)-1-dimethylphenylsilyl-1-dodecene exclusively. 
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(1) Triethylborane Induced Stereoselective Radical Addition of R3SiH to 
Carbon-Carbon Triple Bonds. Transition metal catalyzed hydrosi lylation of 
acetyl enes has been extensively studied and \\'idely used for the preparatio n of 
alkenylsi lanes. 1) In contrast, the synthetic use of hydrosilylation reaction catalyzed 
by Yarious radical initiators such as peroxides and AIBN has serious limitations. 
Low s tereoselectivity o f the reaction is one of difficult problems. In addition, the 
choice of hydrosilanes is limited to silanes such as CJ3SiH, MeCJ 2SiH and Ph3SiH 
because trialkyl s ilanes (Me:3SiH and Et3SiH) can not donate hydrogen to alkenyl 
radicals efficiently. 2) 
We have repor1ed that Et38 facilitates the addition of Ph3SnH3) or Ph 3GeH4) 
to acetylenes in the presence of oxygen. Hydrostannylation of 1-dodecyne with 
Ph3SnH-Et3B provided a 713--$3/2 mixture of (£)-and (Z)-1-triphenylstannyl-1 -
dodecene irrespective of the reaction conditions. 3) In contrast, Et3B induced 
hydrogermylation of 1-dodecyne with Ph3GeH gave (£)- or (Z)-1-triphenyl-
germyl-1-dodecene with excellent control of stereochemistry under equilibrating 
conditions or non-equilibrating conditions.4) Whereas the reaction at -78 oc 
afforded (Z)-1-triphenylgermyl-1-dodecene exclusively, the addition at 60 oc 
pro\'ided (E)-1-triphenylgermyl-1-dodecene as a single product. Here we '"'ish to 
report that Et3B mediated hydrosilylation of carbon-carbon triple bonds with a 
variety of organosilanes (R3SiH) and that treatment of terminal acetylenes with 
tris(trimethylsilyl)silane (ITMSS) 5> in the presence of a catalytic amount of Et3B 
ga\'e (Z)-1-tris(trimethylsilyl)si lyl-1-alkenes with high stereoselectivity. 
Triethylborane induced hydrosilylation of acetylenes with Ph3SiH proceeded 
\'ery sluggishly as compared to hydrogermylation with Ph3 GeH and hydro-
s tannylation with Ph3SnH. Stirring a hexane solution of 1-dodecyne (1.0 mmol) 
and Ph3SiH (2.0 mmol) in the presence of Et3B (2.0 mmol) at room temperature for 
88 h gave a mixture of (Z)- and (E)-1-triphenylsilyl-1-dodecene only in 42% yield 
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(ZIE = 12/ 1). Then, hydrosi lylatio n of 1-dodecyne \\'aS examined using ' arious 
silanes such as Ph2 Si H2 , Me3SiSiPh 2H, (Me3SihSiPhH, and (Me3Si)3SiH 
(TTMSS). Reaction of each silane with 1-dodecyne at room tempera ture in the 
presence of Et3B provided the corresponding hydros ilylation products in poor to 
excellent yields. The results are sho\\'n in Table 1. Reaction with Ph2SiH2 \\'aS as 
slow as the hydrosilylation with Ph3SiH and gave respective alkcnylsilane in low 
yield in spite of the use of excess amount of silane and Et3B even after prolonged 
reaction time (70-75 h). Substitution of phenyl group of Ph3SiH by trimethyls ilyl 
group facilitated the free-radical hydrosilylation. Treatment of 1-dodecyne with 
Me3SiSiPh2H or (Me3Si)2SiPhH pro,·ided 1-[diphenyl(trimethyls ilyl)s ilyl]- 1-
dodecene or 1-[bis(trimethylsi lyl)phenylsilyl]-1-dodecene in good yield with high 
stereoselectivity (ZIE = 1511 or 16/1). TTMSS proved to be the best reagent and 
afforded (Z)-1-[tris(trimethylsilyl)silyl]-1-dodecene (1) in 98% yield ((Z)-isomer 
1/(E)-isomer 2 = 1711)6). The reaction at room temperature completed within 3 h in 
the presence of a catalytic amount of Et3B. 
Table 1. Hydrosilylation of 1-dodecyne with various si lanes 
Et3B R1R2 Si R R
1R2 Sl 
R1R22SIH + R 
2 ""==/ + 2 ~ 
R = n-C1oH21 
PhH, r.t. R 
Entry R1R22SiH (mmol) Et38 I mmol Time/ h Yield I% Zl E a) 
1 Ph3SiH (2.0) 2.0 88 42 12 I 1 
2 Ph2SiH2 (2.0) 2.0 75 20 2.4 I 1 
3 Me.3SiSiPh2H (1.1) 1.0 44 78 16 I 1 
4 (Me3Si)2SiPhH (1.1) 0.1 12 74 15 I l 
5 (Me.3Si )3SiH ( 1.1) 0.] 3 98 17 I 1 
a) The stereoisomeric ratios were determined by the examination of 1H NMR of 
isolated products. 
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The stereoisomeric ratio of 1 to 2 depended on the reaction conditions. 
Whereas heating a benzene solution of 1-dodecyne ( 1.0 mmol) and TTMSS ( 1.1 
mmol) at renux for 30 min in the presence of AIBN (0.1 mmol) gave a mixture of 
(Z)-isomer 1 and (E)-isomer 2 ( 112 = 411) in 98% combined yield, Et3B initiated 
reaction in toluene at 0 oc provided 1 almost exclusively (96% yield, 112 > 2011). 
Next, Et3B induced hydrosilylation of various alkynes with TTMSS at room 
temperature has been examined. Monosubstituted acetylenes provided the 
corresponding tris(trimethylsilyl)silyl substituted alkcnes in good to excellent yields 
with high stereoselectivity (Table 2). In the case of phenylacetylene or ethyl 
propiolate, only (Z)-isomeric product was observed in the reaction mixture. 
Internal acetylene such as 6-dodecyne did not undergo hydrosilylation with TTMSS, 
and starting material was recovered unchanged under the same reaction conditions. 
Table 2. Hydrosi lylation of alkynes with TTMSSa) 
(M~Si)aSiH + R 
Entry R Time I h Yield I% Zl E b) 
1 n-C10H21 3 98 17 I 1 
2 Ph 3 91 >50 I 1 
3 COOEt 3 90 >50 I 1 
4 CH20H 5 50 17 I 1 
5 CH20THP 5 72 >20 I 1 
6 CH2CH20H 5 81 >20 I 1 
a) (Me3Si)3SiH (1.1 mmol), acetylene (1.0 mmol), and Et38 (0.1 mmol) were 
employed. b) The stereoisomeric ratios were determined by the examination of I H 
NMR of isolated products. 
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The isomerization of (Z)-1-tris(trimcthylsilyl)silyl-1-alkcnes into (£) -
isomers by addition-elimination sequences of tris(trimcthylsily)silyl radical did not 
proceed. Heating a mixture of 1 and TTMSS at 60 °C for 15 h ga\'e only a small 
amount of (E)-isomer 2 (< 5%) along \\'ith recovered l. This sho\\'s sharp contrast 
to a faci le isomerization of (Z)-1-triphenylgermyl-1-dodeccne or (Z)-1-triphenyl-
stannyl-1-dodecene which was partially or completely isomerized to the 
corresponding (E)-isomers?) at room temperature upon treatment with Ph3GcH-
8:3B or Ph3SnH-Et3B. (Z)-Aikenylsilane 1 was completely isomerized to (E)-
isomer 2 at 60 oc by the use of Ph3GeH-Et3B4> which is shown in Table 3 along 
with other examples. Thus, the procedure provides us with a synthetic method for 
the preparation of both (Z)- and (E)-alkenylsilanes. 
Table 3. Isomerization of Alkenylsilane by Ph3GeH-Et3B 
R1R2 Si R Ph3GeH-Et3B R1 R22SI~ 2~
PhH, 60 oc R 
Entry Alkenylsilane 
Ph3GeH Et3B Time Yield Zl Ea) 
(ZI E) I equiv I equiv I h 1% 
1 




0.5 0.5 16 91 1 I 16 
(12 I 1) 
3 
(MeaSI)aSJ~n-C1oH21 
0.5 0.5 15 90 < 1 I 30 
(>2011) 
4 
(MeaSi)aSI CH2CH20H ~ 0.5 0.5 15 76 < 1 I 20 
(1711) 
a) The stereoisomeric ratios were determined by the examination of 1 H NMR. 
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We assume following reaction mechanism for the hydrosilylation of terminal 
acetylenes with R1R22SiH (Scheme 1). Ethyl radical, generated by the attack of 
oxygen on tricthylborane, abstracts hydrogen from silane to give silyl radical 
(RlR22Si·, 3). The silyl radical adds to terminal acetylenic carbon to provide 
alkenyl radical 4 which abstracts hydrogen from silane to produce alkcnylsi lanc 5 as 
a mixture of (Z)- and (E)-isomer under regeneration of silyl radical 3. The 
selective formation of (Z)-alkenylsilane is due to steric hindrance of si lyl group 
which prevents the syn attack of silane in the n:-radical o r in the pair of a-
radicals. 8) 
Scheme 1. 
Et· ::::::::;;-- R 
R1R22SiCH=CHR 
4 
Hydrodesilylation of 1 with coned HCI proceeded in acetonitrile (Scheme 2). 
Treatment of 1 with TMSCI-D20 instead of coned HCI ga,·e (Z)-1-deuterio-1-
dodecene selectively. Moreover, the reaction of (Z)-1-deuterio-1-[tris(trimethyl-
silyl)silyl]-1-dodecene with coned HCI formed (£)-1-deu terio-1-dodecene 
exclusively. These results indicate that hydrodesilylation of 1 proceeds with 
retention of stereochemistry9). On the other hand, bromodesilylation of 1 gave 1-




Z l E > 20 1 1 
(Me3SibSI r n-C,oH21 
D 
Z I E > 20 1 1 





(2) Reduction of Alkenyl Iodides with TTMSS 
96% 
90% (90% 0 , Z IE > 20 I 1) 
94% (Z I E < 1 I 20) 
83% (Z IE = 2.2 I 1) 
It was anticipated that reduction of 1-silyl-2-iodo-1-alkenes with TTMSS 
would proceed via the same alkenyl radical as 4 in Scheme 1 and provide the same 
stereoisomeric mixtures of (Z)-alkenylsilane and (£)-alkenylsilane as hydro-
silylation of acetylenes. This was indeed the case as indicated by the following 
experiments. Treatment of 1-dimethylphenylsilyl-2-iodo-1-dodecene 6 with 
TTMSS in the presence of Et3B catalyst at room temperature afforded (Z)-1-
dimethylphenylsilyl-1-dodecene ((Z)-7 ) selectively (Z/E > 30/1). In contrast, 
reduction of 6 with n-Bu3SnH without Et3B gave a mixture of (Z)- and (£)-1-
dimethylphenylsilyl-1-dodecene (ZIE = 2.7/1). Moreover, treatment of 6 with n-
Bu3snH-Et3B afforded (E)-7 exclusively. 7) In these two experiments, a primary 
product (Z)-7 isomerized to thermodynamically more stable (E)-7 by the addition-









> 30 / 1 
< 1 / 20 
""Bu3SnH 96% 2.7/1 
The reduction of a variety of other alkenyl iodides with TTMSS under Et3B 
catalyst has been studied. The results are summarized in Table 4. The stereo-
chemical results by the reduction with n-Bu3SnH-Et3 B are also shown in the 
Table. Reduction with TTMSS-Et3B system produced (Z)-alkenes selectively. On 
the other hand, n-Bu3SnH-Et3B gave (E)-alkenes as main products. It is \VOrth to 
note several points. (1) The stereochemical outcome of the reduction with TTMSS-
838 was independent on the stereochemistry of starting material. For instance, 
treatment of (E)-2,2-dimethyl-4-iodo-3-tetradecene ( (E)-8) or (Z)-2,2-dimethyl-
4-iodo-3-tetradecene ((Z)-8) with TTMSS-Et3B at room temperature for 2h 
provided the same isomeric mixture of (Z)-2,2-dimethyl-3-tetradecene and (E)-
isomer(ZI£= 2.1/1). Thus, the reduction proceeds through the same intermediary 
alkenyl radical t-BuCH=C(n-C 10H21). (2) Comparison of the reduction of 9 with 
13 (Entry 4 with 12) and 10 with 12 (Entry 6 with 10) shows that (Z)-selectivity in 
the reaction wi th TTMSS-Et3B increased with increase of the bulkiness of R 1 
group. (3) In the reaction with n-Bu 3SnH-Et3B, the presence of Ph, PhMe 2Si, or 
COOEt group which stabilizes a-carbon radical 11) increases (E)-selectivity because 
of the facile isomerization by addition-elimination of n-Bu3Sn radical. 
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PhH, r. t. 
Substrate 
t-Bu Ph 
"==< !! I 
t-Bu COOEt 
"==< 111 



























L l £b) 
2.1 I l 
l I 2.8 
2.1 I 1 
>60 I 1 
9 I 1 
> 100 I 1 
1 I 3.4 
5.7 I 1 
<1 I 100 
5.8 I 1 
1115 
4.0 I 1 
1 I 3.7 
a) Method A: TTMSS (1.1 equiv)-Et3B (0.1 equiv), Method B: n-Bu3SnH (1.1 
equiv)-Et3B (0.1 equiv) b) The stereoisomeric ratios of products were determined 
by the examination of 1 H NMR. 
137 
In conclusion, the addition of TTMSS to acetylenes pro\' ides us '' i th a stereo-
sci celt' e syn thctt c method for (Z)- 1-[tris(trimcthylstl yl)stl yl j-1-al kencs, si nee 
TTMSS radtcal can not cause the isomerization of the resulting (Z )-alkenes into 
(£)-al kencs. Mean lime, ( £)-1-[tris(trimethylsli) l)stl) I ]-1-alkcnes arc produced on 
trea tment of (% )-l-[ tns(tnmethylsilyl)silyl ]-1-alkcnes '' ith Ph3GeH-Et38. 
Reducllon of 1,2-disubstitutcd-1-iodo-l-alkenes with TTMSS-Et38 affords (Z)-
1,2-dtsubstt Luted- 1 -a I kenes selectively. 
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Experimental 
Gener al Procedure for Et3B Induced Hydr osilylation of 1-dodec) ne " ith 
Ph3SiH, Ph2SiH2, or M e3SiSiPh2H. Hydrostl) !alton of 1-dcxlcC) nc '' llh 
Ph3SiH is represcntati\c. A hc'\anc solution of Et3B (0.96 M, 2.1 mL, :2.0 mmol) 
was added to a mixture of 1-dodecyne (0.166 g, 1.00 mmol) and Ph3S1H (0.5:20 g, 
2.00 mmol) at room temperature under argon atmosphere. After sttrnng for 88 h, 
the reaction mixture was concentrated and distilled to remove 1-dodccync and 
Ph3SiH in vacuo (0.50 Torr, bath temp, 1:20 °C, 1 h). The residual oil \\'US purified 
by sil ica-gel column chromatography using hexane as an eluent to gi \'e 1-triphenyl-
silyl-1-dodeccne (0.179 g) in 42% yield. 
(Z)-1-(Triphenylsily l)-1-dodecene: Bp 160-164 oc (0.27 Torr, bath temp); 
IR(neat) 3062,2920,2850,1602,1428,1110, 712,698cm-1; 1H NMR (CDCI3) 
o 0.85-1.32 (m, 19H, included 0.88 (t, 1=6.9 Hz)), 1.86-1.95 (m. :2H), 6.02 (dt, 
1=14.0, 1.3 Hz, 1H), 6.7 1 (dt, 1=14.0, 7.5 Hz, 1H), 7.31-7.42 (m, 9H), 7.54-7.59 
(m, 6H); 13c NMR (CDCJ3) o 14.14, :22.70, 29.04, 29.19, 29.33, :29.51, 31.91, 
34.57, 122.52, 127.80, 129.28, 135.64, 135.71, 154.06; Found: C, 84.34; H, 9.049c. 
CaJcd for C3oH38Si: C, 84.44; H, 8.98%. 
(Z)-1-(Diphenylsily l)-1-dodecene : Bp 139-143 oc (0.55 Torr, bath temp); 
IR (neat) 2952, 2920, 2850, 21:20, 1603, 1429, 1115, 800,730, 697 em -I; 1 H NMR 
(CDCI3) o 0.88 (t, 1=6.8 Hz, 3H), 1.15-1.36 (m, 16H), 2.15-2.23 (m, 2H), 5.27 (d, 
1=5.3 Hz, lH), 5.83 (ddt, 1=13.8, 5.4, 1.2 Hz, 1H), 6.66 (dt, 1=13.8, 7.4 H1., I H), 
7.31-7.42 (m, 6H), 7.54-7.60 (m, 4H); 13c NMR (CDCl3) o 14.14, 22.69, 29. 14, 
29.23. 29.34, 29.42, 29.57 (two peaks), 31.91, 33.76, 121.31, 127.97, 129.44, 
134.57, 135.23, 153.74; MS (70 eV) m 1-:. (rei intensity) 351 (M+ + 1, 0.3), 350 
(M+, 1.4), 184 (20), 183 (100), 182 (30), 181 (24), 107 (15), 105 (34). Found: C, 
82.44; H, 9.83%. Calcd for C:24H34Si: C, 82.21; H, 9.77%. 
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(£)-1-(Dipheny lsily l)-1-dodecene: Bp 139-143 oc (0.55 Torr, bath temp); 
IR (neat) ~950, 2922,2850,2116, 1615, 1429, 1114,807, 7~7. 696 cm-1; I H NMR 
(CDCI3) b 0.88 ( l, 1=6.7 HL, 3H), 1.18-1.48 (m, 16H), 2.16-2.23 (m, 2H), 5.08 (d, 
1=3.1 Ht, I H), 5.92 (ddt, 1=18.5, 3.1, 1.5 Hz, 1H), 6.29 (d t, 1= 18.5, 6.2 Hz, 1H), 
7.32-7.43 (m, 6H), 7.54-7.60 (m, 4H); 13c NMR (CDCJ3) o 14. 14, 22.69, 28.41 , 
29.19, 29.35, 29.47, 29.61 (two peaks), 31.91 , 36.97, 121.78, 127.92, 129.53, 
134.24, 135.40, 1.54.03; MS (70 eV) m/z (rei intensity) 351 (M+ +1, 0.5), 350 
+ (tvf , 1.9), 184 (20), 183 (100), 182 (33), 181 (24), 107 (15), 105 (29). Found: C, 
82.38; H , 9.93%. Calcd for C24H34Si: C, 82.21; H, 9.77%. 
(Z)-1-IDiphenyl(trimethylsilyl)sily l ]-1-dodecene: Bp 145- 149 °C (0.33 
Torr, bath temp); IR (neat) 2950, 2922, 2850, 1598, 1428, 1244, 1102, 851, 834, 
736, 698 em·l; 1H NMR (CDCI3) o 0.15 (s, 9H), 0.88 (t, 1=6.9 Hz, 3H), 
0.98-1.32 (m, 16H), 1.85-1.92 (m, 2H), 5.84 (dt, 1=13.6, 1.2 Hz, lH), 6.60 (dt, 
1=13.6, 7.3 Hz, lH), 7.28-7.36 (m, 6H), 7.4~7.53 (m, 4H); 13c NMR (CDCI3) o 
- 1.21, 14.15, 22.70, 29.20, 29.29, 29.41 , 29.52, 31.91, 34.92, 122.97, 127.81 , 
128.57, 135.28, 136.71 , 152.49; MS (70 eV) ml:. (rei intensity) 423 (M+ +1, 1.4), 
422 (M+. 2.2), 349 (36), 287 (68), 197 (53), 183 (100), 135 (50), 121 (38), 107 (18), 
105 (43). Found: C, 76.41; H, 10.01%. Caled for C27H42Si2: C, 76.70; H, 
10.01%. 
(E) -1 -[Dipheny1(trimethylsilyl)sily l ] -1-dodecene: B p 141-145 oc (0.21 
Torr, bath temp); IR (neat) 2920, 2850, 1428, 1244, 1103, 852, 834, 735, 698 
cm-1; lH NMR (CDCI3) & 0.17 (s, 9H), 0.88 (t, 1=6.7 Hz, 3H), 1.20-1.44 (m, 
16H), 2.16-2.23 (m, 2H), 5.94 (dt, 1=18.5, 1.2 Hz, IH), 6.11 (dt, 1=18.5, 6.1 Hz, 
1H), 7.29-7.38 (m, 6H), 7.44-7.51 (m, 4H); 13c NMR (CDCI3) o - 1.31, 14.14, 
22.70, 28.7 1, 29.14, 29.36, 29.48, 29.62, 29.65, 31.92, 37.19, 123.74, 127.79, 
128.68, 135.52, 136.35, 151.94; MS (70 eV) mlz. (rei intensity) 424 (M+ +2, 0.6), 
423 (M+ +1 , 1.5}, 422 (M+, 2), 349 (31), 287 (61), 197 (52), 183 (100), 135 (36}, 
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121 (25), 105 (25). Found: C, 76.65; H, 9.80%. Calcd for C27H42S12: C. 7o.70: I I. 
10.01%. 
General Procedure for Et3B Induced Hydrosily lation of Acety lenes" ith 
T) pica! procedure is as folio" "· Under 
argon atmosphere, Et 3B (0.96 M hexane solu tion, 0.10 mL, 0. I 0 mmol) " a'\ added 
to a solution of 1-dodecyne (0.166 g., 1.00 mmol) and (Mc3Si)3S1 H (0.274 g, 1.10 
mmol) in benzene (2.0 mL) at room temperature. After stirring for 3 h, the reaction 
mixture was concentrated in vacuo. Purification by si l ica-gel column (he'\ane) 
yielded 1- [tris(trimethylsilyl)silyl]-l-dodecene (0.407 g, 98%, ZIE= 17/ I). 
(Z) -1- [Phenylbis(trimethylsily l)sily1]-1-dodecene: Bp 128-132 oc (0.35 
Torr, bath temp); IR (neat) 2952, 2922, 2850, 1244, 835, 697, 622 em -I; I H NMR 
(CDCI3) o 0.14 (s, 18H), 0.88 (t, 1=6.8 Hz, 3H), 1.14-1.35 (m, 16H), 1.9 1- 1.99 
(m, 2H), 5.67 (dt, 1= 13.3, 1.3 Hz, lH), 6.53 (dt, 1=13.3 , 7.2 Hz, 1 H), 7.25-7.31 
(m, 3H), 7.40-7.45 (m, 2H); 13c NMR (CDCI3) o -0.49, 14.15, 22.70, 29.32, 
29.48, 29.54, 31.91, 35.39, 121.37, 127.60, 135.12, 136.96, 151.11; MS (70 eV) 
ml: (rei intcnsity)419(M ... +1, 1.0),418 (M+, 2.5), 179 (26), 178 (53}, 163 ( 19), 
135 (99), 121 (41 ), 116 (36), 73 (100). Found: C, 69.05; H, 11.36%. Calcd for 
C24H46Si3: C, 68.82; H, 1 I .07%. 
(E)-1-[Phenylbis(trimethylsilyl)silyl]-1-dodecene: Bp 12~1 29 oc (0.30 
Torr, bath temp); JR (neat) 2948, 2922, 2850, 1244, 835, 697 cm-1; 1 H NMR 
(CDCI3) o 0.14 (s, 18H), 0.88 (t, 1=6.7 Hz, 3H), 1.18-1.47 (m, 16H), 2.15-2.22 
(m, 2H), 5.77 (dt,1=18.4, 1.4 Hz, lH), 6.13 (dt, 1=18.4, 6.5 Hz, IH), 7.26- 7.32 
(m, 3H), 7.40-7.46 (m, 2H); 13c NMR (COCI3) o -0.66, 14. 14, 22.69, 29.00, 
29.07, 29.36, 29.48, 29.62, 29.67, 31.92, 37.47, 122.63, 127.65, 127.75, 135.21, 
136.80, 150.50; MS (70 eV) m/z (rei intensity) 419 (M+ +1, 1.0), 418 (M+, 1.9), 
193 ( 19), 179 (30), 178 (54), 163 (21), 135 (100), 121 (40), 11 6 (35), 73 (99). 
Found: C, 68.59; H, l 1.25%. Calcd for C24H46Si3: C, 68.82; H , 11.07%. 
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(Z)-1-(Tris(trimethylsily l)silyl]-l·dodecene: Bp 127-131 oc (0.38 Torr, 
bath temp); IR (neat) 2948, 2922, 2850, 1244, 832, 686, 621 cm-1; l H NMR 
(CDCI3) 6 0.18 (s, 27H), 0.88 (t, 1=6.7 Hz, 3H), 1.22-1.41 (m, l6H), 2.03-2.10 
(m, 2H), 5.47 (dt, 1= 13.0, 1.5 Hz, 1 H), 6.38 (dl, 1= 13.0, 7.0 HL, 1 H); 13c NMR 
(CDCI3) 6 1.09, 14.15, 22.70, 29.33, 29.59, 29.69, 29.80, 31.91. 35.65, I 19.55, 
149.48; MS (70 eV) mlz (rei intensity) 415 (M+ +1, 0.6), 414 (M+, 1.7}, 175 (16), 
174 (68), 131 (12), 129 (12), 117 (11), 73 (100). Found: C, 60.51; H, 11.87%. 
Calcd forC21H50Si4: C,60.78; H, 12.14%. 
(E)·l-lTris(trimethylsilyl)sily l]-1-dodecene: Bp 116-120 oc (0.33 Torr, 
bath temp); JR (neat) 2946, 2922, 2850, 1244, 832, 685, 622 cm·l; IH NMR 
(CDCI3) o 0.16 (s, 27H), 0.88 (t, 1=6.7 Hz, 3H), 1.21-1.39 (m, 16H), 2.05-2.13 
(m, 2H), 5.47 (dt, 1=18.2, 1.3 Hz, lH), 5.97 (dt, 1=18.2, 6.5 Hz, I H); 13c NMR 
(CDCI3) o 0.78, 14.14, 22.69, 28.99, 29.18, 29.35, 29.47, 29.61, 29.67, 31.92, 
37.64, 120.36, 149.50; MS (70 eV) m/z (rei intensity) 416 (M+ +2, 0.5), 415 
(M ... +1,0.7),414(M+,2.0), 189(11), 175(21), 174(76), 131 (14), 129(13), 117 
(14), 73 ( 100). Found: C, 60.60; H. 12.35%. Calcd for C21 HsoSi4: C, 60.78; H, 
12.14%. 
(Z)- 1-Deuterio-1 -[tris(trimethylsilyl)silyl] -l-dodecene: B p 130-134 oc 
(0.40 Torr, bath temp); IR (neat) 2946,2922,2850, 1244, 834,685,615 cm-1; lH 
NMR (CDCI3) o 0.18 (s, 27H), 0.88 (t, 1=6.7 Hz, 3H), 1.22-1.40 (m, 16H), 
2.03-2.10 (m, 2H), 6.38 (t, 1=7.0 Hz, IH); J3c NMR (CDCI3) o 1.09, 14.14, 
22.70, 29.33, 29.59, 29.69, 29.80, 31.91, 35.61, 119.19 (t, 1=21.4 Hz), 149.38; MS 
(70 eV) m/: (rei intensity) 416 (M+ +1, 0.6), 415 (M+, 1.6), 175 (20}, 174 (70), 131 
(I 0), 117 (1 1 ), 73 ( 100). Found: C, 60.38; H, 1 1.84; D, 0.47%. Calcd for 
c 21 H49DSi4: C, 60.64; H, 11.87; D, 0.48%. 
(E)-1-Deuterio-1-[tris(trimethylsilyl)silyl]-1-dodecene: Bp 116-120 oc 
(0.30 Torr, bath temp); IR (neat) 2946,2922,2852, 1244,835,686,621 cm-1; 1H 
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NMR (CDCI3) 6 0.16 (s, 27H), 0.88 (t, 1=6.7 HL, 3H), 1.21-1.38 (m, 16H). 
2.06-2.12 (m, 2H), 5.93-5.99 (m, 1H); 13c NMR (CDCI3) b 0.79, 14.14, 22.70, 
28.99, 29.18, 29.36, 29.48, 29.62, 29.68, 31.92, 37.57, 119.99 (t, 1=21.2 Ht), 
149.43 (t, 1=4.6 HL); MS (70 eV) ml:. (rei intensity) 416 (M+ +I, 0.6}, 415 (~t, 
1.8), 176 (11), 175 (19), 174 (74), 131 (10), 73 (100). Found: C, 60.54; H, I 1.74; 
0, 0.47%. Calcd for C21 H 49DSi4: C, 60.64; H, 11.87; D, 0.48%. 
(Z)-3-[Tris(trimethylsilyl)silyl]-2-propen-1-ol : Mp 105-107 oc (Hc\ane); 
IR(CDC13)3610,2948,2890, 1246,1005,922,836,714,707,687,621 cm-1; IH 
NMR (CDCi3) 6 0.19 (s, 27H), 1.42 (bs, 1 H), 4.14 (dd, 1=6.6, 1.1 Hz, 211), 5.78 
(dt, 1=13.2, 1.1 Hz, 1H), 6.56 (dt, 1=13.2, 6.6 Hz, lH); 13c NMR (CDCI3) o 
0.89, 65.00, 124.90, 146.27; MS (20 eV) mlz (rei intensity) 233 (M+ +2-S1Me3, 
2},232(M++l-SiMe3,5), 23 1 (M+-SiMe3, 18),215(46), 157(16), 141 (17),131 
(26), 117 (20), 73 (100). Found: C, 47.20; H, 10.33%. Calcd for C 12H320S14: C, 
47.30; H, I 0.58%. 
(E)-3-LTris(trimethylsilyl)silyl)-2-propen-1 -ol : Mp 76-78 oc (He\ane). 
IR (COCi3) 3608, 2946, 2890, 1245, 1074, 984,837, 758, 731, 728, 687, 622 em -i; 
lH NMR (CDCI 3) o 0.17 (s, 27H), 1.47 (bs, IH), 4.15 (dd, 1=4.9, 1.6 Ht, 2H). 
5.84(dt,1=18.5,1.6Hz,lH),6.18(dt, 1=18.5, 4.9 Hz, 1H); 13c NMR (COCi3) o 
0.76, 66.41, 122.73, 146.38; MS (20 eV) m!z (rei intensity) 231 (M + -S1Mc3, 2.7), 
215 (28), 199 (29), 175 (32), 141 (32), 131 (55), 117 (33), 73 (100). Found: C, 
47.16; H, 10.70%. Calcd for C 12H320Si4: C, 47.30; H. 10.58%. 
(Z)-1-(2· Tetrahydropyranyloxy) -3-[ tris(trimethylsilyl)sil y l )-2-propene: 
Bp 96-100 oc (0.23 Torr, bath temp); IR (neat) 2944, 2892, 1258, 1245, 1119, 
1061, 1028,834,686,620 cm-1; 1H NMR (CDCi3) 6 0.19 (s, 27H), 1.48-1.92 (m, 
6H), 3.47-3.54 (m, IH), 3.84-3.92 (m, 1 H), 3.97 (ddd, 1=12.1, 7.0, 1.3 H1, I H), 
4.28 (ddd, 1=12.1, 5.6, 1.5 Hz. IH), 4.64 (dd, 1=3.9, 3.1 Hz, 1H), 5.77 (ddd, 
1=13.5, 1.5, 1.3 Hz, 1H),6.54 (ddd, 1=13.5, 7.0, 5.6 Hz, lH); I3c NMR (CDCI3) 
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0 0.93, 19.47, 25.47, 30.67, 62. 17, 69.46, 98.47, 124.20, 144.72; MS (20 eV) ml-::. 
(rei imcnstty) 231 (M+·CsH30-SiMe3, 18), 215 (14), 199 (6), 157 (5), 147 (6), 141 
(6), 133 (8), 131 ( 1 0), 117 (9), 85 ( I 00). Found: C, 52.40; H, 10.62%. Calcd for 
C17H4002Si4: C, 52.5 1; H , 10.37%. 
(E )-1-(2-Tet rahydropyranyloxy)-3-f t ris(trimethylsily l)silyl )-2-propene: 
Bp 97-10 1 oc (0.39 Torr, bath temp); lR (neat) 2944, 2890, 1245, 1120, 1078, 
I 025, 867, 831, 686, 622 em-1 ; 1 H NMR (CDCI3) o 0.17 (s, 27H), 1.48-1.92 (m, 
6H), 3.45-3.53 (m, I H), 3.85-3.93 (m, 1 H), 4.05 (ddd, 1=13.2, 6.1, 1.3 Hz, 1 H), 
4.22 (ddd, 1= 13.2, 4.6, 1.5 Hz, 1 H), 4.62 (dd, 1=4.2, 2.8 Hz, J H), 5.84 (ddd, 
1= 18.4, 1.5, 1.3 Hz, 1H), 6.08 (ddd, 1=18.4, 6.1, 4.6 Hz, 1H); Be NMR (CDCJ3) 
o 0.77, 19.63, 25.49, 30.59, 62.39, 70.27, 97.23, 124.85, 143.86; MS (20 eV) ml-::. 
(rei intensi ty) 215(M+·CsH80-SiMe3, 10), 199(11), 191 (15), 175 (11) , 147 (18), 
141 (13), 133 (22), 13 1 (24), 117 (21), 85 (94), 73 (100). Found: C, 52.71; H , 
10.64%. Calcd for C 17H4Q02Si4: C, 52.51; H, 10.37%. 
{Z)-4-[Tris(trimethy lsilyl)sily l]-3-buten-1-ol: Bp 86-90 oc (0.24 Torr, 
bath temp); IR (neat) 3310 (bs), 2946,2890, 1244, 1047,833,686,621 cm-1; lH 
NMR (CDCI3) o 0.19 (s, 27H), 1.45 (bs, lH), 2.39 (dtd, 1=7.1, 6.6, 1.4 Hz, 2H), 
3.71 (t, 1=6.6 Hz, 2H), 5.71 (dt, 1=13.1, 1.4 Hz, 1H), 6.40 (dt, 1=13.1 , 7.1 Hz, 
1 H); 13c NMR (CDCI3) o 1.09, 38.49, 62.31, 124.32, 144.16; MS (20 eV) mfr. 
(rei intensi ty) 247 (M+ +2-SiMe3, 2.5), 246 (M+ +l-SiMe3, 4.8), 245 (M+ -SiMe3, 
18), 229 (32), 201 (20), 191 (21), 175 (27), 133 (26), 131 (37), 117 (27), 73 (100). 
Found: C, 48.79; H, 10.96%. Calcd for C13H340Si4: C, 48.99; H, 10.75%. 
(E )-4-[Tris(trimethylsily l)sily l ]-3-buten-1-ol: Bp 92-96 oc (0.30 Torr, 
bath temp); IR (CDCI3) 3618, 2946, 2890, 1245, 1044, 982, 837, 687, 623 cm-1; 
1H NMR (CDCl3) o 0.17 (s, 27H), 1.48 (bs, lH), 2.40 (dtd, 1=6.7, 6.4, 1.2 Hz, 
2H), 3.64 (t, 1=6.4 Hz., 2H), 5.70 (dt, 1=18.2, 1.2 Hz, lH), 5.96 (dt, 1=18.2, 6.7 
Hz, IH); 13c NMR (CDCl3) o 0.76, 40.93, 61.68, 125.91, 144.19; MS (20 eV) 
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m/z (rei intensity) 318 (M+, 0.4), 201 (16), 191 (55), 175 (44), 155 (17), 133 (26). 
131 (49), 117 (27), 73 (100). Found: C, 49.22; H, 10.82%. Calcd for C J3H340S14: 
C, 48.99; H, 10.75%. 
AIBN Induced Hydrosily lation of l-Dodecyne with (Me3Si)JSiH. A 
solution of 1-dodecyne (0.166 g, 1.00 mmol), (Me3Si) 3SiH (0.273 g, 1.10 mmol), 
and AIBN (0.016 g, 0.10 mmol) in benzene (2 mL) \\'aS renuxcd for 30 min. T he 
reaction mixture was concentrated in vacuo, followed by purification by si lica-gel 
column to give 1-[tris(trimethylsilyl)si lyl]-1-dodeccne (0.407 g, 98%, ZIE= 4/1). 
General Procedure for I somerization of (Z)-Alkenylsilane to (E)-Isomer . 
B.3B (0.96 M hexane solution, 0.52 mL, 0.50 mmol) was added to a benzene (5.0 
mL) solution of (Z)-rich alkenylsilane ( 1.00 mmol) and Ph3GeH (0. 152 g, 0.500 
mmol), and the resulting mixture was heated at 60 oc under argon atmosphere. 
After stirring for 12-16 h, the reaction mixture was concentrared in vacuo. 
Purification by silica-gel column afforded (E)-rich alkenylstlane. 
Hydrodesilylat ion of 1-[tris{trimethylsilyl)silyl ]-1 -dodecene. 
Coned HCJ (ca. 36%, 0.35 mL) was addded to a solution of 1- [tri s( trimethyl -
silyl)silyl]-1-dodecene (0.415 g, 1.00 mmol) in acetonitrile (5.0 mL) and the 
mixture was heated at renux. After stirring for 2 h, the reaction mixture was cooled 
to room temperature, and aqueous NaOH (1.0 M, 10 mL) \\'as poured. The mixture 
was stirred for 1 h, then extracted \\'ith hexane (20 mL x 3). Concentration of the 
dried (Na2S04) organic layer and purification by silica-gel column gave 1-
dodecene (0.161 g) in 96% yield. The use of Me3SiCl (0.50 mL, 4.0 mmol) and 
D20 (0.072 mL, 4.0 mmol) instead of coned HCI afforded 1-deuterio-1-dodecene 
(0.152 g, 90% D, ZIE > 20/1) in 90% yield. Hydrodesi l ylation of (Z)-1-deuteno-
1-[tris(trimethylsilyl)silyl]-1-dodecene was performed according to the same 
procedure as above. 
Bromodesilylation of 1-[tris(trimethylsilyl)silyl]-1-dodecene. 
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Bromine ( 1.0 M CH2CI2 solution, 2.0 mL, 2.0 mmol) was added dropwise to a 
solut1on of J-(tns(tnmeth)lsil)l)si lyl]-1 -dodecene (0.207 g, 0.500 mmol) in CH2CI2 
at -25 oc. After sllrnng for 30 m1n, the reaction m1xture was treated "ith aqueous 
Na2S:P 5 ( 10 %, 2.0 mL), and immediately warmed to room temperature. The 
resulting mr\ture was poured mto water (20 mL), and e:\tracted wnh Et20 (20 ml x 
2). The combined organic layer was dried o,·er Na2S04, then concentrated in 
vacuo. The crude product was treated with silica-gel (1.0 g) in hexane (5 ml) for 2 
hat room temperature. After filtration of the mixture through Na2S04 column, the 
filtrate "'as concentrated in vacuo. The residual oil was purified by silica-gel 
column (hexane) to give 1-bromo-1-dodecene in 83% yield (0.103 g, ZIE= 2.3/ 1). 
General Procedure for Reduction of A1kenyl Iodide wi.th (Me3Si) 3SiH-
Et3B (0.96 M, 0.10 mL, 0.10 mmol) was added to 
a benzene (2.0 mL) solution of alkenyl iodide (1.00 mmol) and (Me3Si) 3SiH (0.274 
g, l. 10 mmol) at room temperature under argon atmosphere. The mixture was 
stirred for 2 h, follo\\ed by an addititon of aqueous NaOH ( 1.0 M, 10 mL). After 
stirring for another 2 h, the resultant mi\ture was extracted with hexane (10 mL x 
3). Combined organic layers were dried o,·er Na2S04, and concentrated in vacuo. 
The rcs1dual oil was punfied by silica-gel column. 
The reaction conditions for reduction with n-Bu 3SnH was similar to with 
(Me3Si)3SiH. The \\'ork-up procedure is as follows. After stirring for 2 h, the 
reaction mixture was concentrated in vacuo, and the residue was dissolved in 
CH2Cl2 (10 mL). Anhydrous KF (1.0 g) and saturated aqueous KF (2.0 mL) was 
added to the CH2C12 solution. After stirring for se\'eral hours, resulting precipitate 
\\'aS filtered through Na2S04, and the filtrate was concentrated in vacuo. After the 
residue \\'as dissoh·ed in hexane ( 1.0 mL), the solution \\'as submitted to silica-gel 
column. 
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Tris(trimethylsilyl)silyl Radical Induced Bicyclization of 1,6-Dienes and 1,6-
Enynes Providing 3,3-Bis(trimethylsilyl)-3-silabicyclo[3.3.0]octanes and 
3-Silabicyclo[3.3.0]oct-l-enes 
Treatment of 1,6-dienes with tris(trimethylsilyl)si lane in the presence of Et3B 
or AIBN afforded 3,3-bis(trimethylsilyl)-3-silabicyclo[3.3.0]octanes in addition to 
monocyclized cyclopentanes. Bicyclization of 1 ,6-enynes provided the correspond-
ing 3-silabicyclo[3.3.0]oct-l-enes. 
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The formatiOn of carbocyclic and heterocyclic compounds from dienel) or 
enyne2> b) free-rad1cal processes has recci\ cd considerable allention in recent 
)ears.J) We ha\ e reported that Et38 induced a rad1cal cycliJ.allon of enync by the 
usc of tnphen) lstannane2a) or triphen}gcrmane2b) under mild condllion. Recently, 
tns(tnmcthylsd) l)sdanc (TT-"1SS) as an alternatl\e to tnbutylst.annanc has become 
more popular, bc1ng a superior reagent from both ecological and practical 
pcrspcctl' es. Th1s silane can be used as a reducing agent for organic compounds or 
a hydrosllylating agent for alkcnes and alkynes. ~. 5) Then, we examined Et3B 
induced radical cycliLation of diene and enyne mediated by TTMSS. To our 
surprise, the radical reaction gave a si labicyclic compound along with expected 
cyclopcnt.anc derivatives. Here, we present an efficient method for the preparation 
o f bicycles such as 3,3-bis(trimethylsilyl)-3-silabicyclo[3.3.0loctane or 3,3-
b1 S( tnmethyl sllyl)-3-silabieyclo[3.3.0]oct-1-ene based on the tandem radical 
cyclization of diene or cnyne promoted by tris(trimethylsilyl)silyl radicaJ.6) In 
addilton, a recent publication 7) on homolytic substitution reaction at a silicon atom 
prompts us to report our independent results8) along simi lar lines. 
(1) The Reaction of Diene with TTMSS. When a benzene solution of 
diene la and ITMSS (2) was treated at room temperature with a catalytic amount of 
Et38 (Method A), bicyclizcd product 3a (11 o/c) was obtained along with 
monocyclized product 4a (87%). 9> Tn an effort to increase both the yield and the 
ralio of 3a to 4a, the reaction \\'as repeated under various reaction conditions. The 
yields of 3a and 4a were 71 % and 17%, respecti \'ely, and the ratio 3a/4a had 
increased to 81/19 upon treatment of Ia (l.OO mmol) with 2 (1.30 mmol) at 80 oc 
using an initial concentration of la of 0.02 M with intermittent addition of AIBN 
(0.10 mmol '\ 5) over 5 h (Method 8). Under these reaction conditions mono-
cyclizcd product 4a was trnliS-ri ch (trn11S-4alcis- 4a = 211 ). and trimethylsilyl-
150 
methyl-substituted cyclopcntane Sa was obtained in 8% yield 1n add1t1on to the 
formation of 3a and 4a (Table I ). 
Table 1. The Reaction of Dienes with ITMssa) 
;--.:::::::- ~ X ,SIMea x:(' SI(SiMe3b x:('siMea X ~ X Sl + + ~ 'SIMe3 
1 3 4 5 
X Yield/% (cisltrans)b) 
3 4 5 
Ia: C(C00Me)2 71 ( 1511) 17 (112) 8 (5/ 1) 
lb: CH2 62 (611) 27 ( 1/5) 4 (3/ I ) 
lc: 0 53 (cis only) 26 (118) 3 (3/ I) 
a) Diene (1.00 mmol), TTMSS (1.30 mmol), AIBN (0.10 mmol '\ 5) and bcn1cnc 
(50 mL) were employed (Method B). b) Yields and isomeric rauos \\Crc 
determined by the examination of lH NMR of the mixture of 3, 4, and 5 after 
purification. 
In a similar manner, dienes lb and lc were con\'erted into the corresponding 
bicyclized products 3b and 3c. Two types of monocyclized products 4 and 5 were 
also obtained as a mixture of cis and trans compounds.IO) Trimethylsilylmethyl-
substituted cyclopentane Sb and tctrahydrofuran 5c were synthesized independently 
by an another procedure to prove the structure of these compounds (eq I). II) 
HSICI3 - (t-BuOh 
PhH, 140 °C XX
SiCI3 MeMgl Xr-('SIMea ----~~~ ~ (1) 
Et20 
Sb or Sc 
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Whereas 3c was produced in an isomencally pure form (cis-fused 
compound). 3a and 3b were obtained as isomcnc mi-.;tures of cis-fused and rrans-
fu~cd 3-sllablcyclooctancs. l2) Fonnation of a neglig1blc amount of highly strained 
lrnllS -3c 1s prcd1ctcd by calculations on MacroModell3), "hich indicate that cis- 3c 
IS about :!.4 kcal/mol more stable than lrallS-3c. Meantime, the calculations show 
that an energy difference between cis-3b and rrans-3b is 1.2 kcal/mol. 
A 1,7-dicnc 6 afforded a bicyclized product 7 as the isomeric mixture of cis-
and rrans-fuscd compounds in 52% yield. The stereoselectivity of 7 was low and 
the ratio of two isomers was 1.7/ 1 (eq 2). 
~£::: Method B + complex mixture (2) 
6 
E :COOMe 
These results suppon the following reaction mechanism for bicyclization of 
dienes (Scheme 1). The tris(trimethylsilyl)silyl radical, generated by the action of 
radical initiator on 2, attacks tenninal olefinic carbon of 1,6-diene to give a carbon 
radical 8, which cyclizes to cyclopentylmethyl radical 9. The carbon radical attacks 
silicon ha,·ing three trimethylsilyl groups to produce 3 under elimination of 
trimethylsilyl radical. Trimethylsilyl radical abstracts hydrogen of 2 , and 
regenerates tris(trimethylsi lyl)silyl radical. 
In the homolytic substi tution, cis-9 reacts much faster than rrmlS-9 to 
provide 3 because of facile approach of the radical center to tris(trimethylsilyl)si lyl 
group. Meantime, the intramolecular reaction of rrans-9 is slow, and this radical 
abstracts hydrogen of 2 to give monocyclized product 4 predominantly. For this 
reason, Method B affords TrOllS-rich cyclopentane 4. Moreover, the fonnation of 5 
cen1fies the intennediacy of trimethylsilyl radicaL 
1-.., .)_ 
Schemel. 
The Si-Si bond fission by the intramolecular attack of carbon rad1cal "as 
confirmed by the experiment shown below (eq 3). Treatment of iodoalkylsilane 10 
with 2 gave silacyclopcntanc 11 in :!4% yield along with the reduced product 12 
(63%). 
PhH, 80 °C C .SiM~ Sl + (MeaSI)aSI-n-Bu 'SiM~ (3) ~- AIBN 
11 24% 12 63% 
(2) T he Reaction of Enyne with TTMSS. In order to demonstrate the 
applicability of this bicyclization, the reaction of 1 ,6-enyne wJth 2 has been 
examined. Treatment of a hexane (2 mL) solution of enyne 13 ( 1.00 mmol) and 2 
( 1.30 mmol) with Et3B (0. 10 mmol) (Method A') gave 3-si labicyclo[3.3.0]oct- l -cne 
14 (53%) as a major product in addition to methylenecyclopentane I S ( 17%) and 
methylenecyclohexane 16 (20%). The change of radical initiator and concentration 
of enyne 13 was not effective for increase of the yield of 14 (Table 2). 
The use of enyne 17 provided the corresponding bicycliz.ed product 18 in only 
14% yield along with unidentified complex products e\·en under high dilution 
condition (eq 4). In the case of enynes 19a and 19b , methylenecyclopcntanc 20a 
(94%) and 20b (83%) fonned and no trace of bicyclized products was detected in 
the reaction mixture (eq 5). 
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Table 2. The Reaction of En) ne 13 with TTMssa) 
E..._r-= 
E~ 
S~SIM~h '/ Si(SiM~h ~ )llo E~S(SiM~ + E ~ + E· ··~ 





















a) 13 ( 1.00 mmol) and TTMSS (1.30 mmol) were employed. Method A' : Et38 
(0.10 mmol), hexane (2 mL), r.t.~ Method C: AIBN (0.10 mmol), benzene (5 mL), 
renux; Method 8 : Sec Table 1. b) Yields were determined by the examination of 
1H NMR. 
n-Bu 
E~n-Bu 2 E>(Jj ,SIM~ 
E ~ 
Si (4) 
Method B E 'SIM~ 
17: E = COOMe .ll!= 14% 
I ~ X~SIMe,), X (5) 
'--Y Method B 
19a: X = C(COOMeh 20a: 94% 
19b: X= 0 20b: 83% 
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Based on these facts '' e assume the following reaction mechan1~m for the 
reaction ofenyne 13 \\lth 2 (Scheme 2). Tris(trimethylsli)l)sli)l rad1cal. g1,cn b) 
the reaction of 2 '' ith radical imllator, can attack either term1nal olcfimc carbon or 
terminal acctylenic carbon. l4) The attack on termmal olefimc carbon gl\ es olefimc 
radical 22 via radical 21. Intramolecular homolytic substitution of 22 affords 14 
accompanying with the elimination of trimethylsliyl radical, "h1ch regenerate 
tris(trimethylsilyl)silyl radical by the abstraction of hydrogen from 2. On the other 
hand, an addition of tris(trimethylsilyl)silyl radical to terminal acetylcnic carbon 
provides alkenyl radical 23. The intramolecular addition of carbon radical to double 
bond in 23 proceeds on the opposi te side of tris(trimethylsi lyl)si lyl group to avoid 
the steric hindrance, and gives cyclopentylmethyl radical 24 with (E)-stereo-
chemistry.2a) Therefore, 24 can not afford 14 because of its geometry, and abstracts 
hydrogen from 2 to provide 15. Altemati\'ely, 24 rearranges to cyclohexyl radical 
25 which reacts with 2 to give 16.15} 
Scheme 2. 
:~Si(SiM~ :~SI(SiM~h---4Jio.- 14 
(M~SI)aS~ 3 22 + M~Si· ~ 21 -
13 '----... SI(SIM~}a l (M&aSI)aS~ E ~ EE r-.J~SIM:)~ - Me,SIH ~ 
E~ J11o ~ - 15 
23 24 • 
- SI(SIM~)a / DSi(SIM~)a E~· E ~ 
... ... !§ 
E E 
To confirm this mechanism, alkenyl bromide 30 was synthesized from 26 as 
sho\\'n in Scheme 3. Treatment of 30 with 2 in the presence of AI8N ga' e 14 m 
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good yield, and this result supports the homolytic substitution of 22 (eq 6). The 
reduced product 31 could not be observed in the reaction mixture. Thus, the 





E (b) E~Si{SiM~h ----:,..~ 
27 
(c) 







E >\.._[__. Si(SIMe3h 
(a) 2, AIBN, benzene, reflux. 2 h. (b) NaH, THF, r.t., 30 min. then propargyl bromide, 
r.t., 4 h. (c) n-Bu3SnH. AIBN. benzene, reflux, 2 h. (d) Br2• CH2CI2, -78 °(, 25 min. 
2- AIBN 
PhH, 80 oc 




In conclusion, the addition of tris(trimethylsilyl)silyl radical to diene or enyne 
provides us with a new synthetic method for silabicyclo compounds. To our 
knowledge, this reaction is the first example of the reaction which proceeds via 
homolytic substitution at silicon by carbon radical. 7.16) 
1.56 
Experimenta l 
General Procedure for the Reaction of Diene or E nyne ·with TTMSS. 
Method A: Typical procedure is as follows. Et3B (0.96 M hexane solution, 
O.IOmL, 0. 10 mmol) was added to a benzene (5 mL) solution of dicne la (0.212 
mg, 1.00 mmol) and TTMSS (0.323 mg, 1.30 mmol) at room temperature under 
argon atmosphere. After stirring for 1.3 h, the reaction mixture was concentrated i11 
vacuo. The residual oil was purified by silica-gel column chromatography 
(hexane/AcOEt = 20/1) to give a mixture of bicyclized product 3a and mono-
cyclized product 4a. The yield and the diastereomeric ratio of 3a or 4a were 
determined by the examination of lH NMR. 
Method A': In Method A, hexane is used as a solvent instead of benzene. 
Method B: A benzene solution of diene 1 ( 1.00 mmol) and TTMSS (0.323 
mg, 1.30 mmol) was stirred and heated at reflux under argon atmosphere. AIBN 
(0.10 M benzene solution, 1.0 mL, 0.10 mmol) was added to the mixture five times 
at intervals of 1 h. After the last addition of AIBN followed by stirring for l h, the 
reaction mixture was cooled to room temperature and concentrated i11 vacuo. The 
crude product was purified by silica-gel column to give a mixture of 3 , 4 and 5. The 
yield and the diastereomeric ratio of 3 , 4 or 5 were detem1ined by the examination 
of lH NMR. 
Method C : AIBN (0.016 g, 0.10 mmol) was added to a benzene (5 mL) 
solution of enyne ( 1.00 mmol) and 2 (0.323 mg, 1.30 mmol). The mixture was 
heated at reflux for 2.5 h with stirring. Work-up is similar to Method B. 
Dimethyl cis-3 ,3-Bis(trimethylsilyl )-3-s ilabicyclo[3.3.0]octane-7, 7-
dicarboxylate (cis-3a): Bp 101-105 oc (0.28 Torr, bath temp); IR (neat) 2946, 
1736, 1259, 1246, 1195, 1154,834,687,621 cm-1; 1H NMR (CDCJ3) o 0.09 (s, 
9H), 0.13 (s. 9H), 0.7 1 (dd, 1=14.9, 5.6 Hz, 2H), 1.01 (dd, 1=14.9, 7.1 Hz, 2H). 
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1.95-2.05 (m, 2H), 2.38-2.49 (m, 4H), 3.71 (s, 6H); l3c NMR (CDCI3) o -0.93, 
-0.74, 12.57, 41.30, 46.20, 52.69 (two carbons). 60.06, 173.48; MS (20 eV) m/: 
+ + + (rei mtensJt}) 372 (M +l -Me, 0.8), 371 (M -Me, 3.2), 355 (1.6), 316 (M +3-
SIMC3, 1.8), 315 (M+ +2-SiMe3, 12), 314 (M ._ +l-S1Mc3. 22), 313 (M+ -SiMe3, 
100), 163 (23). Found: C, 52.73; H, 9.13%. Calcd for c 17H34o4si3: C, 52.80; H, 
8.86%. 
Dimethy l trans-3 ,3-B is(trimethylsilyl ) -3-silabicyclo( 3.3.0]octane-7, 7-
dicarboxylate (lrans-3a) : Bp 97-101 oc (0.27 Torr, bath temp); IR (CHCI3) 
2948, 2888, 1727, 1245, 836 em -1; 1 H NMR (CDCI3) o 0.11 (s, J8H), 0.39-0.49 
(m, 2H), 0.90-0.98 (m, 2H), 1.50-1.63 (m, 4H), 2.51-2.56 (m, 2H), 3.72 (s, 6H); 
13c NMR (CDCI3) o -0.9 1, I 0.73, 39.90, 52.63, 52.99, 63.16, 173.42; MS (70 eV) 
m/: (rei intensity) 387 (M+ + 1, 5.5), 386 (M+, 7.4), 314 (M+ +l-SiMe3, 4.3), 313 
(M+ -SiMe3, 17), 133 (14), 113 ( 14), 73 (100). Found: C, 52.53; H, 9.15%. Calcd 
for C 17H3404Si3: C, 52.80; H, 8.86%. 
Dimethyl cis-4-M ethyl-3-{ [ tris(trimethylsilyl)si ly l ] methyl }cyclopentane-
1,1-dicarboxylate (ci.r-4a): Bp 107-111 oc (0.26 Torr, bath temp); JR (neat) 
2948,2890, 1735, 1435, 1246, 1199, 1149,834,684, 622cm·1; 1H NMR (CDCI3) 
o 0.17 (s, 27H), 0.64 (dd, 1= 14.3, 9.5 Hz, 1H), 0.85 (d, 1=6.8 Hz, 3H), 0.93 (dd, 
1=14.3, 3.5 Hz, 1 H), 1.94 (dd, 1=12.8, 9.3 Hz, lH), 1.98 (dd, 1=13.5, 4.9 Hz, 1 H), 
2.00-2.15 (m, 2H), 2.41 (dd, 1=12.8, 6.3 Hz, lH), 2.42 (dd, 1= 13.5, 6.6 Hz, lH), 
3.70 (s, 3H), 3.71 (s. 3H); 13c NMR (CDCI3) o 1.25, 7.37, 14.81, 37.91, 40.93, 
41.15, 42.04, 52.64 (two carbons), 58.77, 173.32, 173.47; MS (20 eV) m/: (rei 
intensity) 446 (M+ +1-Me, 2.3), 445 (M+ -Me, 3.4), 389 (M+ +2-SiMe3, 13), 388 
(M+ +l-SiMe3, 31), 387 (M+ -SiMe3, 88), 207 (15), 206 ( 19), 205 (100), 175 ( 14), 
173 (15). Found: C, 52.11; H, 9.88%. Calcd for C20H4404Si4: C, 52.12; H. 
9.62%. 
Dimethyl Ira llr-4-Methyl-3-{[ t ris (trimethylsi I y l)si ly l ]methyl }c yc l o-
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pentane-1,1-dicarboxylate (tran.r-4a): Bp 105-109 oc (0.23 Torr, bath temp): IR 
(neat) 2948,2890, 1737, 1435, 1246, 1169, 1144,834,684.622 cm·1; 1H NMR 
(COCI3) o 0.17 (s, 27H), 0.49 (dd, 1=14.3, 11.0 Hz, 1 H). 0.99 (d. 1=6.1 H1. 3H), 
1.21 (dd, 1=14.3, 2.4 Hz, 1H), 1.33-1.56 (m, 2H). 1.71 (dd, 1=13.2, 11.0 H1. I H). 
1.79 (dd, 1=13.6, 10.7 Hz, I H), 2.47 (dd, 1=13.6, 7.0 H1, I H), 2.60 (dd, ./= 13.2. 
6.4 Hz, IH), 3.71 (s, 3H), 3.72 (s, 3H); 13c NMR (CDCI3) o 1.26, 11.00, 17.44, 
42.29, 43.55, 43.76, 46.63, 52.60 (two carbons), 57.94, 173.27, 173.36; MS (20 cV) 
mlz (rei intensity) 446 (M+ +1-Me, 2.1), 445 (M+ -Me, 4.5), 389 (M + +2-S1Me3, 
11), 388 (M+ +l-SiMe3, 26), 387 (M+ -SiMe3, 79), 207 (12), 206 ( 18), 205 ( 100), 
175(13). Found: C, 51.92; H, 9.61 %. Calcd for C20H4404Si4: C, 52. 12; H, 
9.62%. 
Dimethyl cis-4-Methyl-3-[ (trimethylsilyl )methy l ]cyclopentane- 1, 1-
dicarboxylate (cis-Sa): Bp 66-70 oc (0.31 Torr, bath temp); IR (neat) 2950, 
2900, 1735, 1435, 1250, 1219, 1202, 1151,858,838 cm-1; IH NMR (COCI3) b 
0.01 (s, 9H), 0.46 (dd, 1=14.6, 9.1 Hz, 1H), 0.58 (dd, 1=14.6, 5.0 H1, I H), 0.82 (d. 
1=6.6 Hz, 3H), 1.89 (dd, 1= 13.3, 3.7 Hz, 1H), 2.02-2.13 (m, 3H), 2.33-2.40 (m, 
2H), 3.72 (s, 6H); Be NMR (CDCJ3) o -0.87, 14.87, 16.64, 37.69, 39.02, 40.64, 
41.21, 52.65 (two carbons), 58.85, 173.47, 173.66; MS (20 eV) ml-:. (rei mtensity) 
286 (M+. 0.7), 272 (M+ +1-Me, 5.6), 271 (M+ -Me, 25), 229 (12), 185 ( 14), 151 
(13), 145 (100), 140 (10), 113 (15), 108 (31), 73 (53). Found: C, 58.47; H, 9.35%. 
Calcd for C 14H2604Si: C, 58.70; H, 9.15%. 
Dimethyl tralls-4-Methyl-3-[ (trimethylsilyl)methyllcyclopentane-1, 1-
dicarboxylate ( trans-Sa) : Bp 68-72 oc (0.30 Torr, bath temp); IR (neat) 2950, 
1736,1436,1251,1212,1195, 1171,1144,858,839cm·l; 1H NMR (COCI3) o 
0.01 (s, 9H), 0.29 (dd, 1=14.5, 10.8 Hz, 1H), 0.86 (dd, 1=14.5, 2.4 Hz, 1 H), 0.95 
(d, 1=6.1 Hz, 3H), 1.34-1.55 (m, 2H), 1.65 (d, 1=13.2 Hz, lH), 1.68 (d, J= 13.4 
Hz, lH), 2.52 (dd, 1=13.2, 6.6 Hz, 1H), 2.58 (dd, 1=13.4, 6.5 HL., lH), 3.72 (s, 
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6H); l3c NMR (CDCI3) o- 0.86, 17.15, 20.21 , 42.15, 42.69, 43.50, 43.55, 52.64 
(two carbons), 58.11, 173.48 (two carbons); MS (20 eV) m/z (rei intensity) 286 
+ + + (M , 1.1 ), 272 (M +1-Mc, 4.3), 271 (M - Me, 25), 217 (16), 146 (15), 145 (100), 
I 13 (27), 108 (3 1), 89 (55), 73 (85). Found: C, 58.57; H, 9.45%. Calcd for 
C14H2604Si: C, 58.70; H, 9. 15%. 
cis -3,3-Bis(trimethylsilyl) -3-silabicycloL3.3.0]octane (cis-3b ): B p 55-59 
oc (0.33 Torr, bath temp); IR (neat) 2944, 2894, 2866, 1243, 832, 686, 621 em -1; 
1 H NMR (COCI3) o 0.10 (s, 9H), 0.12 (s, 9H), 0.66 (dd, 1=14.6, 6.3 Hz, 2H), 0.97 
(dd, 1=14.6, 8.1 Hz, 2H), 1.22-1.35 (m, 2H), 1.44-1.61 (m, 1 H), 1.65-1.81 (m, 
3H), 2.22-2.35 (m, 2H); Be NMR (COCI3) o -0.80, -0.60, 13.28, 23.50, 33.32, 
46.66; MS (70 eV) m/: (rei intensity) 272 (M+ +2, 3.0), 271 (M+ +1, 4.5), 270 
(M+, 14), 197 (M+ -SiMe3, 35), 169 (11), 137 (22), 117 (25), 103 (18), 73 (76), 40 
(100). Found: C, 57.72; H, 10.89%. Calcd for C 13H 30Si3: C, 57.69; H, 11.17%. 
trans-3,3-Bis(tri methylsi lyl)-3-silabicyclo[ 3.3.0 ]octane (tran s-3 b) : Bp 
62-66 °C (0.44 Torr, bath temp); 2946. 2888, 2858, 1244, 833, 778, 688, 620 
cm-1; 1 H NMR (CDCI3) o 0.11 (s, 18H), 0.40 (dd, 1=13.4, 12.1 Hz, 2H), 0.91 (dd, 
1=13.4, 5.6 Hz, 2H), 0.99-1.13 (m, 2H), 1.34-1.51 (m, 2H), 1.67-1.77 (m, 2H), 
1.86-1.96 (m. 2H); l3c NMR (CDCI3) o -0.86, 11.15, 27.48, 31.05, 54.39; MS 
(70 eV) m/z (rei intensity) 272 (M+ +2, 4.4), 271 (M+ + 1, 8.2), 270 (M+, 24), 197 
(M+-SiMe3, 24), 182 (10), 137 (34), 136 (15), 123 (10), 122 (11), 117 (33), 103 
(24), 73 (100). Found: C, 57.53; H, 11.40%. Calcd for C 13H3()Si3: C, 57.69; H, 
11.17%. 
2-Methyl-1-[(t r imethylsily l)methyl ]cyclopentane (Sb, cis/trans = 3/ 1): 
Bp 70-74 oc (43 Torr, bath temp); IR (neat) 2948, 2896, 2864, 1248, 860, 836, 688 
cm·l; 1H NMR (COCI3) o -0.01 (s, 9H), 0.27 (dd, 1=14.3, 10.4 Hz, 0.25H), 0.42 
(dd, 1=14.5, 9.5 Hz, 0.75H), 0.59 (dd, 1=14.5, 4.7 Hz, 0.75H), 0.77 (d. 1=6.8 Hz, 
2.25H), 0.85 (dd, 1=14.3, 2.9 Hz, 0.25H), 0.93 (d, 1=6.2 Hz, 0.75H), 1.02-1.34 (m, 
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3H), 1.43-1.95 (m, 5H); l3c NMR (COCI3), cis isomer o -0.79, 14.81, 17.41, 
22.50, 32.08, 32.98, 38.12, 39.33, Trans isomer o-0.79, 18.47, 21 .49, 23.06, 33.96, 
34.62, 44.11, 44.29; MS (70eV) m/: (rei intensity) 171 (M++I, 0.2), 170 (M+, 
+ + 1.5), 156 (M +1-Me, 1.3), 155 (M -Me, 8.1 ), 73 (100). Found: C, 70.64; H, 
13.29%. Calcd for C 10H22Si: C, 70.50; H, 13.02%. 
cis-1, 7-Bis(t rimethylsi lyl) -3-oxa-7 -silabicyclo[ 3.3.0]octane (cis-3c) : Bp 
71-74 oc (0.78 Torr, bath temp); IR (neat) 2944,2890, 2848, 1244, 1068,833,773, 
688, 621 cm-1; lH NMR (COCI3) o 0.12 (s, 9H), 0.13 (s, 9H), 0.76 (dd, 1=14.8, 
6.2 Hz, 2H), 1.04 (dd, 1=14.8, 8.0 Hz, 2H), 2.57-2.70 (m, 2H), 3.43 (dd, 1=8.2, 
5.4 Hz, 2H), 3.93 (dd, 1=8.2, 6.7 Hz, 2H); Be NMR (CDCI3) o -0.92, -0.75, 
10.54, 46.25, 74.64; MS (70 eV) m/z (rei intensity) 273 (M+ + 1, 0.3), 272 (M+, 
+ + 0.6), 258 (M +1-Me, 0.3), 257 (M -Me, 1.0), 189 (19), 157 (18), 143 (13), 131 
(23), 117 (20), 73 (100). Found: C. 52.57; H, 10.55%. Calcd for C12H230Si3: C, 
52.87; H, 10.35%. 
cis-4-Methy l-3-[ (trimethy lsilyl )methy l ]tetrahydrofuran (cis -Sc ) : Bp 
87-91 oc (29 Torr, bath temp); IR (neat) 2952, 2916, 2852, 1249, 1062, 1031 , 910, 
860, 839, 689 cm-1; 1H NMR (CDCI3) o 0.02 (s, 9H), 0.48 (dd, 1=14.7, 9.5 Hz, 
1H), 0.64 (dd, 1=14.7, 5.4 Hz, 1H), 0.91 (d, 1=7.0 Hz, 3H), 2.12-2.35 (m, 2H), 
3.31 (dd, 1=8.7, 8.0 Hz, 1H), 3.49 (dd, J=8.1, 3.4 Hz, 1H), 3.89 (dd, 1=8.1 , 2.4 
Hz, 1 H), 3.91 (dd, 1=8.0, 1.0 Hz, 1H); 13c NMR (CDCl3) o -1.02, 13.19, 13.89, 
37.32, 38.48, 73.30, 75.08; MS (20 eV) m/z (rei intensity) 158 (M+ +1-Me, 1.1), 
157 (M+ -Me, 7.9), 130 (7.2), 129 (13), 116 (8), 115 (80), 103 (12), 73 (100). 
Found: C, 62.67; H, 11.93%. Calcd for CstJ2oOSi: C, 62.72; H, 11.70%. 
trans-4-Methyl-3-[ (trimethylsilyl)methyl ]tetrahyd rofuran (trans-Sc): B p 
88-92 oc (30 Torr, bath temp); IR (neat) 2952, 2918, 2892, 2866, 1249, 1044, 925, 
859,839,690 cm-1; 1 H NMR (CDCI3) 6 0.00 (s, 9H), 0.38 (dd, 1=14.6, 10.4 Hz, 
1H), 0.88 (dd, 1= 14.6, 3.4 Hz, 1H), 0.99 (d, 1=6.4 Hz, 3H), 1.62-1.83 (m, 2H), 
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3.27 (t, 1=8.1 Hz, 1 H), 3.30 (t, 1=8.0 Hz, 1 H), 3.97 (dd, 1=8.1, 7.2 H1, I H), 4.03 
(dd, 1=8.0, 7.1 H1, I H); 13c NMR (CDCI3) o -1.05, 15.26, 18.63, 43.28, 43.46, 
74.67, 75.26; MS (20 eV) m/z. (rei intensit~) 158 (M+ +1-Mc, 1.2), 157 (M+ -Me, 
10), 130(70), 129(12), 116(5), 115(47), 103(15),73 (100). Found: C,62.78;H, 
ll.88<ff. Calcd for C9H2oOS1: C, 62.72; H, ll.70£K. 
Synthesis of Sb and Sc by hydrosilylation of 1 ,6-heptadiene or diallyl 
ether with C l3SiH. Preparation of Sc is rcpresentati\ c. A benzene (20 mL) 
solution or di-r-butyl peroxide (0.73 g, 5.0 mmol), diallyl ether 1 c (0.98 g, I 0 
mmol), and CI3SiH (4. 1 mL, 40 mmol) was heated at140 oc in a scaled tube under 
argon atmosphere. After stirring for 8 h, the reaction mixture was cooled to room 
temperature and concentrated in vacuo. The residual oil was diluted with Et20 (10 
mL) under argon atmosphere. MeMgl (0.96 M Eti) solution, 37 mL. 36 mmol) 
was added dropwise over 10 min to this solution at 0 °C. Arter addition of MeMgl, 
the mixture was stirred for 13 h at room temperature. The reaction m1:-.turc was 
poured mto icc (50 g) and 1M aqueous HCI (50 mL). and extracted wllh Et20 (30 
mL x 2). The combined organic extracts were dried over anhydrous Na2S04 and 
concentrated, the residual oil was purified by silica-gel column (hexane/Et20 = 
1011) to gi,·e Sc (0.64 g. cis/ITa/IS= 1.7/1) in 37% yield. Sb was also obtained by 
this procedure in 22% yield. 
Dimet hy 1 8,8-Bis(trimethyl si l y l ) -8-silabi cycl o[ 4.3.0]nonane-3,3 -
dicarboxylate (7, major isomer): Bp 101-105 oc (0.29 Torr, bath temp); IR 
(neat) 2946, 1734, 1258, 1243, 1218, 1157, 1139,836,777,690 cm-1; 1H NMR 
(CDCI3) b 0.09 (s, 9H), 0.10 (s, 9H), 0.37-0 . .50 (m, 2H), 0.85-1.26 (m, SH), 1,45 
(dd, 1= 13.4, 11.1 Hz, 1 H), 1.64 (td, 1=13.5, 3.9 Hz, I H), 1.93 (dm, 1=13.1 Hz, 
1H), 2.37 (dm, 1=13.4 Hz. 1H), 2.58 (dt, 1=13.3, 2.6 Hz, IH), 3.70 (s, 3H), 3.73 (s, 
3H); 13c NMR (COCJ3) b -0.90 (two peaks), 15.41, 15.73, 32.00, 32.65, 40.83, 
43.15, 46.13, 52.33, 52.61, 55.91, 171.74, 173.14; MS (70 eV) m/: (rei intensity) 
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402(M++2,1.9),401(M++I,4.4),400(M+.13). 163(14), 149(11),133(14), 119 
(11), 117 (13). 73 (100). Found: C, 53.76; H, 9.08%. Calcd for C 1RH3604S13: C. 
53.95; H , 9.05%. 
Dimethyl 8,8- Bis(trimet hylsilyl) -8-si1abicyc lo [ 4.3.0 ]nonane-3,3-
dicarboxylate (7, minor isomer): Bp I 10-114 oc (0.40 Torr. bath temp); IR 
(neat) 2946, 1735, 1245, 1152, 834, 621 cm·1; 1H NMR (CDCI3) o 0 10 (s, 9H). 
0.15 (s, 9H), 0.59 (dd, 1=14.6, 2.0 Hz, 1H), 0.68 (dd, 1= 14.5, 6.6 H1, I H), 0.95 
(dd, 1=14.5, 12.0 Hz, 1H), 1.05 (dd, 1=14.6, 5.9 Hz, I H), 1.48-2.15 (m, 8H), 3.69 
(s,3H),3.74(s,3H); 13cNM~(COCI3) o-0.92,-0.41, 9.11, 14.67, 25.32, 26.59, 
33.38, 37.83, 40.04, 52.33. 52.58, 55.30, 171.85, 173.07; MS (20 eV) m/: (rei 
intensity) 385 (M+·Me, 2), 328 (M++l-SiMe3, 26), 327 (M+-SiMe3. 100), 163 
(28). Found: C, 53.71; H, 9.29%. Calcd for C 1sH3604Si3: C, 53.95; H, 9.05%. 
4-[Tris(trimethy lsilyl)sily l]buty l p-Toluenesulfonate. A 18 N (0. 14g. 
0.85 mmol) was added to a benzene (17 mL) solution of 3-butcnyl Jr 
toluenesulfonate ( 1.93 g, 8.53 mmol) and 2 (2.85 mL, 9.38 mmol) under argon 
atmosphere. The mixture was heated at reflux and stirred for 3 h. The reacuon d1d 
not complete, then AIBN (0.14g, 0.85 mmol) was added aga1n. After sllrnng lor 
another 2 h, the reaction mixture was cooled to room temperature and concentrated 
in vacuo. The crude product was purified by silica-gel column chromatography 
(hexane/AcOEt = 10/1) to give the title compound (2.32g, 57%): Mp 45.8-46.9 oc 
(Hexane); IR (CDC13) 2948, 1358, 1245, 1189, 1177, 927, 836, 814 em -1 ; 1 H 
NMR (COCI3) f> 0.13 (s, 27H), 0.65-0.71 (m, 2H), 1.33-1.44 (m, 2H), 1.63 - 1.72 
(m, 2H), 2.45 (s, 3H), 4.03 (t, 1=6.4 Hz, 2H), 7.32-7.36 (m, 2H), 7.77-7.81 (m, 
2H); Be NMR (CDCJ 3) o 1.09, 7.04, 21.64, 24.87, 32.93, 69.93, 127.84, 129.81, 
133.15, 144.59; MS (20 eV) m/: (rei intensity) 403 (M+ +2-S1Me3, ll) , 402 
(M+ +1-SiMe), 4.4), 401 (M+ -S1Me3, 21), 347 (22), 346 (34), 345 (100), 287 (15). 
Found: C, 50.29; H, 9.13%. Calcd forC2oH4203Si4S: C, 50.58; H, 8.91%. 
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1-lodo-4-1 tris(trimethylsily l)sily l ]butane (I 0). A solution of 4-[tris(tri-
mcth) !Sri) l)srl) ljbut) I p-tolucncsulfonatc (2.32 g, 4.89 mmol), prepared as shO\\ n 
abmc, and Nal (2.19 g, 14.6 mmol) in acetone (15 mL) ''as stirred for 20 hat room 
temperature. Resulting \\hlle precipitate ''as filtered through Na2S04, and the 
frltrate "as concentrated in vacuo. The crude product ''as drluted '' tth water (30 
mL), and e:\tracted '' tth hexane (30 mL x 2). The combined organic layer was dried 
OYer Na2S04, followed by concentration and purification by silica-gel column 
(hexane) to give the tttlc compounds (1.95 g, 931k): Bp I 02-106 oc (0.48 Torr, 
bath temp); IR (neat) 2944, 2888, 1257, 1244, 834, 686, 621 cm·1; lH NMR 
(CDCI3) b 0. 17 (s, 27H), 0.72-0.78 (m, 2H), 1.43-1..54 (m, 2H), 1.79-1.89 (m, 2H), 
3.21 (t, 1=6.9 Hz, 2H); 13c NMR (CDCI3) o 1.15, 6.49, 6.95, 29.90, 37.36; MS 
(20 eV) m/z (rei intensity) 415 (M+-Me, 1.2), 359 (M+ +2-SiMe3. 26), 358 
(M+ +1-SiMc3, 19), 357 (M+ -SiMe3, 69), 303 ( 13), 302 (27), 301 {100). Found: C, 
36.11; H, 8.34%. Calcd for C 13 H35Si4I: C, 36.26; H, 8.19%. 
T he React ion of 10 with TTMSS. A IBN (0.10 M benL.ene solution, 2.0 
mL, 0.20 mmol) was added to a benzene (100 mL) solution of 10 (0.861 g, 2.00 
mmol) and 2 (0 . .547 mg, 2.:w mmol) at 80-85 °C. After stirring for 2 h, Mel (0.32 
mL, 5.0 mmol) and AIBN (0.20 mmol) were added to the mixture. After stirring for 
another 2 h, the reaction mixture was cooled to room temperalUre and concentrated 
in vacuo. The residual oil was diluted with THF (5 mL) and treated with aqueous 
NaOH (3M, 2.0 mL) for 10 min. The mixture was poured into saturated aqueous 
NH4CI (30 mL), and extracted with hexane {30 mL x 2). The combi ned organic 
layer was dried O\'er Na2S04, followed by concentration and purification by silica-
gel column (hexane) to gi\'e a mixture (0.504 g, 11112 = 112.3) of 11 (27%) and 12 
(62%). Analytical pure sample of 11 or 12 was obtained by preparati\'e GLPC. 
1,1-Bis(trimethylsily l)-1 -si laeyelopentane (11): Bp 68-72 oc ( 10 Torr, bath 
temp); IR (neat) 2944,2890,2848, 1244,856,833,776,687,651,620 cm· l ; lH 
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NMR (CDCI3) o 0.10 (s, l8H), 0.74-0.81 (m, 4H), 1.51-1.58 (m, 4H); 13c NMR 
(COCI3) o -0.87, 8.02, 29.44; t-.1S (70 eV) m/: (rei mtcn~tl)) :!3:! ( 1+ +:!, 1.7). 
+ + + 231(M +1,3.9),230(M ,13),157(M -Sti\1e3).142(11),129(1H).II7(19), 103 
(10), 73 (100). Found: C, 51.37; H, ll.6Jq-. Calcd for C 10H26St3: C, 5:!.09; H, 
11.37%. 
1-[Tris(trimethylsilyl)silyl ]butane (12) : Bp 74-78 oc (0.70 Torr, bath 
temp); IR (neat) 2950,2920,2890, 1244,831 ,685,621 cm-1; IH NMR (CDCI 3) o 
0. 15 (s, 27H), 0.73-0.79 (m, 2H), 0.88 (t, 1=7.2 Hz, 3H), 1.26-1.43 (m, 4H); 13c 
NMR (CDCI3) o 1.17, 7.17, 13.67, 27. 14, 31.45; MS (70 eV) m/: (rei tntcnsny) 
06 + + + 3 (M +2,2.1),305(M +1,3.8),304(M ,11), 176(12), 1 75(~8), 174(11), 173 
(11 ), 160 (30), 131 (12), 117 (14), 73 (100). Found: C, 51.04; H, 12.16%. Calcd 
for C 13H36Si4: C, 51.23; H, 11.91%. 
Dimethy l 3,3-Bis(trimethylsilyl) -3-silabi cyclo[ 3.3.0]oet-1-ene-7 ,7 -
dicarbOA')'late (14): Bp 95-100 oc (0.28 Torr, bath temp); IR (neat) 2948, 1737, 
1435, 1274, 1245, 1198, 1163,836 cm·1: lH NMR (COCI3) o 0.09 (s, 9H), 0.10 (s, 
9H), 0.7 1 (dd, 1= 13.8, 8.9 Hz, 1 H), 1.19 (dd, 1= 13.8, 7.5 Hz., I ll), 1.67 (dd. 
1=12.4, 12.1 Hz, I H), 2.60 (dd, 1=12.4, 7.5 Hz, lH), 2.86 (dm, 1=17.6 H1., IH), 
2.94-3.03 (m, lH), 3.0 I (dm, 1=17.6 Hz, IH), 3.72 (s, 3H), 3.74 (s, 3H), 5.40-5.43 
(m, lH); 13c NMR (CDCI3) o - 1.05, -0.62, 13.70, 37.27, 42.31, 50.99, 52.72, 
61.10,116.20 (d,1=3.4 Hz), 166.55, 172.37, 172.85; MS (20 eV) m /: (rei 
intensi ty) 386 (M+ +2, 2.6), 385 (M+ +I , 5.0), 384 (M+, 17), 369 (39), 311 (75), 225 
(94), 167 (35), 135 (37), 105 (30), 89 ( 100), 73 (63). Found: C, 53.07; H, 8.18%. 
Calcd for C 17H 3204Si3: C, 53.08; H, 8.38%. 
Dimethyl (E ) -4-Methyl-3-{ [tris(tri methy lsi ly l)sily l ] methylene }eye lo-
pentane-1,1-diearboxylate (IS): Bp 110-114 oc (0.40 Torr, bath temp); IR (neat) 
2950,2890, 1739, 1436, 1246, 1202, 1166, 1139,835,684,621 cm·1; IH NMR 
(CDCI3) o0.18(s,27H), 1.08(d,1=6.4 Hz,3H), 1.66-1.76{m, lH), 2.52-2.61 (m, 
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2H), 2.90 (dt, 1= 17.2, 2.5 Hz, I H), 3.04 (dm, 1= 17.2 Hz, I H), 3.72 (s, 3H), 3.73 (s, 
3H), 5.30 (q, 1=2.3 Ht., I H); 13c NMR (COCI3) b I. 13, 18.55, 40.10, 42. I 9 (two 
peaks), 52.69 (two peaks), 58.89, 11 0.33, 162.06, 172.35 (two peaks); MS (20 eV) 
+ + + 
mlz (rei tntcn ~tty) 445 (M +2-Me, 3.3), 444 (M +1-Mc, 6.5), 443 (M -Me, 16), 
427 ( 17), 387 (M+ +2-StMe3, 15), 386 (M + +1-SiMe3, 33), 385 (M ... -StMe3, 100), 
281 (36), 206 (10), 205 (45), 163 (11 ), 147 (18), 117 (20). Found: C, 52.10; H, 
8.97%. Calcd for C2oH4204Si4: C, 52.35; H, 9.23'7o. 
Dimethyl 3- { (tris(trimethylsi lyl)silyl ] methylene }eye l oh exa ne-1 , 1-
dicarboxylate (16, major isomer): Bp 114-118 oc (0.47 Torr, bath temp); IR 
(neat)2948,2888, 1736,1435,1245, 1201,834,684,620cm·l; IH NMR (CDC13) 
o 0.15 (s, 27H), 1.63- 1.74 (m, 2H), 2.04-2.09 (m, 2H), 2.13-2.19 (m, 2H), 2.78 (s, 
2H), 3.69 (s, 6H), 5.26 (s, 1H); 13c NMR (COC13) o 1.09, 24.25, 31.19, 34.43, 
44.58, 52.51, 57.27, 116.45, 152.62, 171.56; MS (20 cV) m/z (rei intensity) 459 
(M + + I , 2.2), 458 (M+ , 2.9), 457 (M+ -1, 5.1), 386 (M+ +1-SiMe3, 14), 385 (M +-
StMe3, 45), 333 (11 ), 332 (27), 33 1 (100), 263 (10), 205 (35), 163 (12), 147 (16), 
121 (12). Found: C, 52.08; H, 9.29%. Calcd for C20H4204Si4: C, 52.35; H , 
9.23%. 
Dimethyl 3-{ [tris(tri m ethylsilyl)silyl ]methyl ene }cycl ohexane-1 , 1-
dicarboxylate (16, minor isomer): Bp 117-121 oc (0.35 Torr, bath temp); IR 
(COCI3) 2948, 173 1, 1246, 837 crn-1; lH NMR (COCI3) o 0.19 (s, 27H), 
1.54-1.62 (m, 2H), 2.03-2.08 (m, 2H), 2.23-2.29 (m, 2H), 2.69 (d, 1=0.9 Hz, 2H), 
3.70 (s, 6H), 5.25-5.27 (m, 1H); Be NMR (COCJ3) o 1.28, 22.76, 30.93, 38.18, 
39.31, 52.41, 55.55, 116.86, 150.91, 171.72; MS (20 eV) m/: (rcl intensity) 459 
(M+ +I, 2.6), 458 (M+, 4.3), 457 (M+ -1, 9.3), 443 (M+ -Me, 10), 386 (27), 385 (73), 
332 (26), 33 I (100), 205 (60), 163 (26), 147 (31), 131 (25), 117 (25), 73 (56). 
Found: C, 52. 15; H, 9.39%. Calcd for C2oH4204Si4: C, 52.35; H, 9.23%. 
Dimethyl 2-Butyl-3,3-bis(trimethylsilyl)-3-silabieyclo[ 3.3.0]oct-l-ene-7, 7-
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dicarboxylate (18) : BpI 11-116 oc (0.18 Torr, bath temp); IR (neat) 2950, 2890, 
1737,1435,1273,1245,1199,1168, 1152,836cm-1; IH NMR(CDCI3) o 0.11 (s, 
18H), 0.68 (dd, 1= I 3.6, 9.1 Hz, 1 H), 0.85-D.94 (m, 3H), 1.14 (dd, 1= 13.6, 7.1 Ht, 
1H), 1.19-1.40 (m, 4H), 1.62 (dd, 1=12.6, 12.1 Hz, I H), 2.02-2.18 (m, :!H), 2.55 
(dd, 1= 12.6, 7. I Ht, I H), 2.84 (s, 2H), 2.86-3.01 (m, 1 H), 3.72 (s, 3H), 3.74 (-., 
3H); 13c NMR (CDCJ3) o -0.80, -0.2 1, 13.66, I3.96, 22.93, 31.02, 33.03. 34.38, 
42.58, 50.19, 52.71, 52.77, 6 1.25, 132.43, 157,10, 172 . .54, 172.90; MS (20 cV) 
mlz (rei intensi ty) 425 (M+ - M e, 5.4), 368 (M+ +1-SiMe3, 15), 367 (M + -StMe3, 
51), 207 (13), 191 (18), 179 (18), 163 (21), 149 (28), 133 (13), 105 (21), 89 ( 100). 
Found: C, 57.05; H, 9.38%. Calcd for C21H4004Si3: C, 57.22; H, 9. 15%. 
Dimethyl 4- I sop ropy l-3- { [ tri s(tri me thy l si ly I )s i l y I) m ethy I e ne}-
cyclopentane-1,1-dicarboxylate (20a) : Bp 118-122 oc (0.26 Torr, bath temp); IR 
(neat) 2948, 2888, 1738, 1434, 1244, 1201, 1055,829,685,62 1 cm· 1; 1H NMR 
(CDCI3) o 0.16 (s, 27H), 0.62 (d, 1=6.8 Hz, 3H), 0.93 (d, 1=6.9 Hz, 3H), 1.48 (d, 
1=14.4 Hz, 1 H), 1.91-2.00 (m, 2H), 2.03 (dd, 1=13.9, 5.9 Hz, 1 H), 2.64 (dd, 
1=13.9, 8.9 Hz, lH), 2.72-2.80 (rn, lH), 3.67 (s, 3H), 3.72 (s, 3H}, 5.37-5.39 (m, 
1H); Be NMR (CDCt3) o 1.04, 8.35, 14.90, 21.11, 27.59, 30.93, 52. I I . 52.46, 
64.80, 121.19 (d, 1=3.5 Hz), 151.93, 171.63, 172.81; MS (20 eV) m /z (rei 
intensity) 415 (M+ +2-SiMe3, 20), 414 (M+ +1-SiMe3, 34), 413 (M+ -SiMe3, 100), 
263 (22), 247 (36), 205 (99), 175 (22), 174 (28), 173 (75), I 49 (34). Found: C, 
53.97; H, 9.68%. Calcd for C22H4()04Si4: C, .54.27; H, 9.52%. 
4-Isopropyl-3-{ [tris(trimethylsilyl)silyl]methylene }tetrahydrofuran (20b): 
Bp 105-109 oc (0.55 Torr, bath temp); IR (neat) 2950, 2890, 1245, 1067, 828, 685, 
620 crn·1; lH NMR (CDCI3) o 0.19 (s, 27H), 0.87 (d, 1=6.8 Hz, 3H), 0.95 (d, 
1=6.9 Hz, 3H), 1.80-1.93 (rn, lH), 2.51-2.58 (m, lH), 3.79 (dd, 1=8.8, 4.8 Hz, 
lH), 3.90 (dd, 1=8.8, 7.0 Hz, lH), 4.20 (dd, 1=2.4, 1.3 Hz, 2H), 5.45 (Ld, 1=2.4, 
1.9Hz, lH); Be NMR (CDCJ3) o 1.15, 18.12, 20.97, 30.63, 53.19, 70.53, 73.10, 
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110.24, 159.92; MS (20 cV) m/z (rei intensity) 300 (M+ +I-SiMe3, 4.3), 299 
(M+-S1Me3, 9.6), 229 (17), 213 (20), 157 ( 15), 147 (47), 133 (68), 131 (26), 127 
(23), 117 (24), 73 (I 00). Found: C, 54.75; H, I 0.94%. Calcd for C 17H4oSi4: C, 
54.76; H, 10.81%. 
Dimethyl 3-(Tris(t r imethylsilyl)silyl]-2-propenylmalonate (27). 
Method 0: Under argon atmosphere, a benzene (28 mL) solution or dimethyl 
propargylmalonate 26 (2.38 g, 14.0 mmol), 2 (3.98 g, 16.0 mmol), and A IBN (0.230 
g, 1.40 mmol) \vas heated at reOux for 2 h. The reaction mixture was cooled to 
room temperature, and concentrated in vacuo. The residual oil was purified by 
silica-gel column (hexane/AcOEt = 1011) to give the title compound (5.52 g, 94%, 
Ell= 5/4). (£)-isomer: Bp 99-103 oc (0.42 Torr, bath temp); IR (neat) 2948, 
2890, 1757, 1741, 1437, 1245, 1222, 1151,836,686,622 cm·l; lH NMR (CDC13) 
o 0.15 (s, 27H), 2.70 (ddd,1=7.6, 6.4, 1.3 Hz, 2H), 3.47 (t, 1=7.7 Hz, 1H), 3.73 (s, 
6H), 5.69 (dt, 1=18.1 , 1.3 Hz, 1H), 5.92 (dt, 1=18.1, 6.4 Hz, lH); 13c NMR 
(CDCJ3) o 0.70, 36.31, 51.63, 52.51, 125.71, 143.00, 169.30; MS (20 eV) m/z. (rei 
intensity) 404 (M+ +1-Me, 1.7), 403 (M + -Me, 4.1), 347 (M+ +2-SiMe3, 6.9), 346 
(M+ +l·SiMe3, 16), 345 (M+ -SiMe3, 49), 307 (14), 306 (27), 305 (100), 205 (18), 
189 (13). Found: C, 48.56; H, 9.23 %. Calcd for C17H3304Si4: C, 48.75; H, 
9.14%. (Z)-isomer: Bp 115-120 oc (0.55 Torr, bath temp); IR (neat) 2948, 2890, 
1757, 1741, 1437, 1339, 1245, 1153,835,686,620 cm·1; 1H NMR (CDCI3) o 0.19 
(s, 27H), 2.70 (ddd, 1=7.9, 6.7, 1.6 Hz, 2H), 3.41 (t, 1=7.9 Hz, 1H), 3.75 (s, 6H), 
5.69 (dt, 1=13.1, 1.6 Hz, 1H), 6.26 (dt, 1=13.1, 6.7 Hz, 1H); 13c NMR (CDCI3) o 
1.01, 33.96, 51.49, 52.55, 124.88, 142.99, 169.31; MS (20 eV) m/z (rei intensity) 
+ + + + 404 (M +1-Me, 1.1), 403 (M -Me, 2.7), 347 (M +2-SiMe3, 12), 346 (M +1-
SiMe3, 28), 345 (M+ -SiMe3, 100), 306 (21 ), 305 (80), 205 (41), 189 (20), 147 (21), 
117 (33), 73 (58). Found: C, 48.76; H, 9.39%. Calcd for C 17H3304Si4: C. 48.75; 
H, 9.14%. 
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Di m ethyl Propargyl { 3-[ tris(tri met hy lsily l)si lyl )-2-propen y I }rna lonate 
(28). A solution of alkenylsilanc 27 (5.51 g, 13.2 mmol. 1:./Z = 5/4) in THF 
( 15 mL) was added to a suspension of NaH (0.348 g, 15.0 mmol) in THF (20 mL) at 
room temperature. After stirring for 0.5 h, propargyl bromide ( 1.72 g, 14.5 mmol) 
was introduced into the reaction mixture at 0 °C. After 5 min, the mixture \\ aS 
warmed to room temperature and stirred for 4 h. The resulting mixture was poured 
into water (40 mL), and extracted with AcOEt (50 mL x 2). The combined organic 
layer was dried over Na2S04, followed by concentration and purification by sil ica-
gel column (hexane/AcOEt = 10/1) to give 28 (5.18 g, 86%, EIZ = 6/5). (E)-
isomer: Bp 113-117 oc (0.42 Torr, bath temp); 1R (neat) 2948, 2890, 1741, 1437, 
1292, 1245, 1204,836,685,622 cm·l; 1H NMR (CDCI3) o 0.16 (s, 27H), 2.02 (t, 
1=2.7 Hz, lH), 2.78 (d, 1=2.7 Hz, 2H), 2.84-2.91 (m, 2H), 3.74 (s, 6H), 5.69-5.84 
(m, 2H); 13c NMR (CDC13) o 0.74, 22.63, 40.05, 52.78, 56.76, 71.39, 78.76, 
128.89, 140.54, 170.15; MS (20 eV) m/;. (rei intensity) 419 (M+ +2 -C3H3, 5.6), 
418 (M+ +1-C3H3, 14), 417 (M+ -C3H3, 21), 385 (M+ +2-SiMe3, 21), 384 (M+ +1-
SiMe3, 41), 383 (M+ -SiMe3, 100), 343 (38), 205 (21), 147 (26), 131 ( 17), 117 ( 14), 
73 (65). Found: C, 52.29; H, 8.53%. Calcd for C2oH4004Si4: C, 52.58; H, 8.82%. 
(Z)-isomer: Bp 116-120 oc (0.40 Torr, bath temp); IR (neat) 2948, 1740, 1437, 
1292, 1246, 1208, 1184, 835, 686, 646, 621 cm-1; 1H NMR (CDCI3) o 0.21 (s, 
27H), 2.00 (t, 1=2.6 Hz, lH), 2.86 (dd, 1=5.9, 2.0 Hz, 2H), 2.88 (d, 1=2.6 Hz, 2H), 
3.74 (s, 6H), 5.74 (dt, 1=13.5, 2.0 Hz, lH), 6.20 (dt, 1=13.5, 5.9 Hz, JH); 13c 
NMR (CDCI3) o 1.14, 23.41, 36.78, 52.79, 56.70, 71.67, 78.83, 126.19, 140.26, 
170.31; MS (20 eV) m/z (rei intensity) 418 (M+ +1-C3H3, 4.4), 417 (M + -C3H3, 
11), 385 (M+ +2-SiMe3, 16), 384 (M+ +l-SiMe3, 37), 383 (M + -SiMe3, 100), 343 
(17), 205 (22), 147 (18), 131 (13), 117 (15). Found: C, 52.47; H, 8.55%. Calcd for 
C20H4004Si4: C, 52.58; H, 8.82%. 
Dimethyl (E) -3-(Tri bu ty lstannyl)m ethy lene-4-{ [ t ris(tri me thy ls i I y l)-
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silyl]methyl}cyclopentane-l ,1-dicarboxylate (29). Cycliz.ation of enyne 28 
was performed following Method D by the use of 11 -Bu3SnH instead of 2. The 
reaction of enyne 28 (5. 16 g, 11.3 mmol) with n-Bu3SnH (3.96 g, 13.6 mmol) ga,·e 
the title compound (4.80 g, 57%): Bp 150-165 oc (0.37 Torr, bath temp); 1R (neat) 
2950,2922,2870,2850, 1739, 1246, 1165,835,685,621 cm-1; 1H NMR (CDCI3) 
o 0.18 (s, 27H), 0.67 (dd,1= 14.5, 10.5 Hz, 1H), 0.83-1.05 (m, ISH), 1.26-1.65 (m, 
l3H), 1.73 (dd, 1= 12.3, 11.4 Hz, lH), 2.39-2.53 (m, I H), 2.62-2.7I (m, 1 H), 2.84 
(dm, 1= 16.7 Hz. 1H), 3.02 (dm, 1=16.7 Hz, IH), 3.72 (s, 3H), 3.73 (s, 3H), 5.66 
(tm, 1=3 1.5 Hz, lH); 13c NMR (CDCI3) o 1.25, 9.77, 12.25, 13.72, 27.28, 29.17, 
42.30, 42.98, 44.16, 52.69 (t\..,'0 peaks), 57.75, 117.26, 163.21, 172.16, 172.30; 
Found: C, 51.32; H, 9.28%. Calcd forC32H6804Si4Sn: C, 51.39; H, 9.16%. 
D imethy l (£) -3- (Brom om ethy l ene) -4-{ [ tri s(trimethy l si l y l )sily l ] -
methy l}cyclopentane-1 , 1-dicar boxylate (30). 
solution, 1.20 ml, 1.06 mmol) was added dropwise o,·er 5 min to a solution of 
vinylstannane 29 (0.748 g, 1.00 mmol) in CH2CI2 (10 mL) at -78 oc. After stirring 
for 25 min, the reaction mixture was warmed to 0 oc and stirred for 5 min. 
Aqueous Na2S203 ( 10 wt%, 0.2 mL) was added to the mixture to destroy an excess 
of Br2. After the color of Br2 disappeared, the mixture was warmed to room 
temperature. The resulting mixture was treated with saturated aqueous KF (2 mL), 
and anhydrous KF (1.0 g) for 5 h. White precipitate was removed by filtration 
through anhydrous Na2S04, and the filtrate was concentrated in vacuo. The crude 
product \vas purified by silica-gel column (hexane/AcOEt = 1011) to give Yinyl 
bromide 30 (0.441 g, 82%): Bp 134-138 oc (0.28 Torr, bath temp); IR (neat) 2946, 
2888, 1738, 1435, 1297, 1246, 1198, 1167,836,688,622 cm-I; 1H NMR (CDCI3) 
o 0.18 (s, 27H), 0.76 (dd, 1=14.3, 10.8 Hz, 1H), 1.29 (dd, 1=14.3, 3.3 Hz, lH), 
1.83 (t, 1=12.2 Hz, lH), 2.48-2.61 (m, lH). 2.69 (ddd, 1=12.4, 6.8, 1.6 Hz, 1H), 
2.88 (dt, 1=18.3, 2.6 Hz, lH), 3.17 (dm, 1=18.3 Hz, I H), 3.73 (s, 3H), 3.75 (s, 3H), 
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5.94 (q, 1=2.6 Hz, I H); Be NMR (CDCI3) o 1.20, 11.43, 40.69, 43.05, 43.44, 
52.89 (two peaks). 57.26, 99.63 (d,1=6.1 Hz), 151.14, 171.61, I71.72. Found: C, 
44.08; H, 7.75%. Calcd for C2oH4104Si4Br: C, 44.67; H , 7.68%. 
The Reaction of 30 with T TMSS. According to Method 8, a bcn1cnc 
(8.2 mL) sol ution of ,·i nyl bromide 30 (0.441g, 0.820 mmol) was treated \\'ith 2 
(0.224 g, 0.900 mmol) in the presence of AIBN ( 0.10 M benzene sol, 0.82 mL x 5, 
0.410 mmol) to give silabicyclo product 14 (0.237 g, 75%). 
Dimethyl 3-M ethy lene-4-{ l tri s(tri meth y lsi Iy l)sily l ]methy I }cycl open tane-
1,1-dicarboxylate (31). Vinylstannane 29 (0.374 g, 0.500 mmol) was treated 
with aqueous HCI ( 1.0 M, 1.0 mL, 1.0 mmol) in acetonitrile (5.0 mL) at room 
temperature for 3 h. The reaction mixture was poured into saturated aqueous 
NaHCO) (30 mL), and extracted with AcOEt (30 mL x 2). The organic layers were 
dried over anhydrous Na2S04 and concentrated in vacuo. The residual oi l was 
diluted with CH2Cl2 (5 mL) and treated with KF as shown in the synthesis of 30. 
The resulting precipitate was filtered, then the filtrate was concentrated in vacuo. 
The crude product was purified by silica-gel column (hexane/AcOEt = 10/1) to 
provide the title compound: Bp 125-129 oc (0.45 Torr, bath temp); 1R (neat) 2946, 
2890, 1738, 1435, 1277, 1246, 1212, 1198, 1167,834,685,622 cm-1; 1H NMR 
(CDCI3) o 0.18 (s, 27H), 0.71 (dd, 1=14.5, 10.8 Hz, 1H), 1.33 (dd , 1= 14.5, 3.1 H z, 
lH), 1.74 (dd, 1=12.3, 11.5 Hz, 1H), 2.40-2.55 (m, 1H), 2.63 (ddd, 1=12.6, 7.2, 
1.2 Hz, lH), 2.90 (dq, 1= 16.9, 2.2 Hz, 1H), 3.10 (dm, 1=16.9 Hz, 1 H), 3.72 (s, 
3H), 3.73 (s, 3H), 4.85 (q, 1=2.3 Hz, 1H), 4.94 (q, 1=2.1 Hz, 1H); 13c NMR 
(CDCl3) o 1.23, 11.88, 40.31, 41.85, 42.88, 52.74 (two peaks), 57.73, 105.80, 
154.38, 172.19 (two peaks); MS (20 eV) mlz (rei intensity) 445 (M+ +2-Me, 0.8), 
+ + + . + 444 (M +1-Me, 1.8), 443 (M -Me, 4.7), 387 (M +2-S1Me3, I6), 386 (M +l-
SiMe3, 31), 385 (M+ -SiMe3, 100), 206 (11), 205 (54), 175 (12), 173 (13), 113 ( 17). 
Found: C, 52.08; H, 9.01%. Calcd forC2QH4204Si4: C, 52.35; H, 9.23%. 
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